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I. INTRODUCTION 
COME NOW intervenors Ralph Palikapu 0' Kamohoali'i Dedman 
and Noa Emmett Auwae Aluli, by and through their counsel, Thomas 
E. Luebben, and hereby submit their proposed findings of fact and 
conclusions of law in the above captioned case. 
The following abbreviations are used herein: "VCA" for 
Volcano Community Association, et al.; "BLNR" for Board of Land 
and Natural Resources; and "DOWALD" for Division of Water and 
Land Development. 
A. DOWALD'S Proposal and Anv Decision by the BLNR to 
Designate a Geothermal Subzone is ~ecessarilv Arbitrary and 
Capricious 
DOWALD's proposal to designate in excess of 11,000 acres 
in the Middle East Rift Zone of Kilauea, County of Hawaii, is 
arbitrary and capricious and is not based upon an "acceptable 
balance" a~ong the factors required to be considered in the 
designation of a geothermal subzone by Hawaii Act No. 296 and by 
the Administrative Rules for the Designation of Geothermal 
Subzones adopted by the BLNR. 
The decision by DOWALD to propose a geothermal subzone in 
the Middle East Rift Zone, and any decision the BLNR may make in 
this proceeding to designate a geothermal subzone in the Middle 
East Rift Zone is per se arbitrary and capricious, and a 
violation of the right of intervenors to due process of law and 
the equal protection of the laws under the 14th Amendment to the 
United States Constitution, because the BLNR has failed to 
promulgate any meaningful rules or standards whatsoever to govern 
its decision-making with respect to geothermal subzones. Under 
the BLNR rules as they now exist, DOWALD may propose the 
designation of a geothermal subzone and the BLNR may designate a 
geothermal subzone on the basis of an ''acceptable balance'' among 
the considerations listed in §205 of the Hawaii Act No. 296. In 
practice, the standard of an "acceptable balance'' among the 
factors is absolutely meaningless and allows the BLNR to 
designate a geothermal subzone without any actual analysis or 
substantive justification. This proceeding should be suspended 
and no decision should be made with respect to the designation of 
a geothermal subzone in the Middle East Rift Zone of Kilauea 
until the BLNR has promulgated new rules containing meaningful 
standards for decision-making on geothermal subzones. 
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Intervenors' Motion to Suspend Hearing Pending Rule-Making, filed 
with the BLNR at Hilo, Hawaii on November 13, 1985, should be 
reconsidered and granted by the BLNR. 
B. DOWALD'S proposal to Designate the Kilauea Middle East 
Rift Zone as a Geothermal Subzone Was Made Without Meaningful 
Standards or Analysis. 
The testimony of Mr. Manabu Tag am or i, Chief Administrator 
of DOWALD, clearly revealed that DOWALD's decision to propose the 
designation of a geothermal subzone in the Middle East Rift Zone 
of Kilauea was either entirely political or was a response which 
DOWALD believed was required of DOWALD by the BLNR's previous 
order in the Kahauale'a Geothermal Subzone proceeding. Mr. 
~!anabu Tagamori's testimony clearly revealed that DOWALD engaged 
in no meaningful analysis whatsoever of the available information 
relating to the considerations required by Hawaii Act. No. 296. 
Mr. Manabu Tagamori was utterly unable to identify any 
substantive aspect of his decision-making or analytical process. 
He was only able to say that DOWALD's examination of available 
information revealed an ''acceptable balance'' among the factors 
required to be considered. DOWALD's decision to propose the 
Middle East Rift Geothermal Subzone was, at best, entirely 
subjective, and, at worst, made in the face of overwhelming 
information indicating that, pursuant to the factors mandated by 
Hawaii Act No. 296, the area should not be so designated. DOWALD 
found an acceptable balance despite uncontroverted evidence that 
1) no present need for the development of geothermal power in the 
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Kilauea Middle East Rift Zone exists, 2) more than sufficient 
geothermal electric generating capacity is available from the 
existing geothermal subzones of Kapoho and Kamaili to meet 
forseeable needs in the County of Hawaii, 3) geothermal 
exploration and development will constitute an impermissible 
burden on the practice of Nataive Hawaiian religion, 4) there 
will be an adverse impact on essential habitat for the endangered 
bird O'u, 5) there is strong opposition to the proposed 
geothermal subzone designation from a broad spectrum of area 
residents, local community organizations, and local and national 
conservation organizations, 6) there will be demonstrable and 
significant negative impact on unique ecological, biological and 
conservation values now being protected by the current 
designation of the area as a natural area reserve, and 7) 
adequate information about social and economic impacts of 
geothermal ener~y development in excess of 25 megawatts has not 
been developed. 
C. BLNR Procedures Have Violated Intervenors' 
Constitutional Right to Due Process 
The failure of the BLNR to make a conclusive decision on 
the status of intervenors Mr. Dedman and Dr. Aluli as either 
parties or intervenors in the contested case hearing until the 
opening of the contested case hearing on November 13, 1985 in 
Hilo, Hawaii, constituted a deprivation of the intervenors' right 
to due process of law. 
Dr. Noa Emmett Auwae Aluli and Palikapu o' Kamohoali'i 
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Dedman timely filed a petition as parties for a contested case 
hearing in this matter. On October 17, 1985, Mr. Susumu Ono, 
Chairperson of the Board of Land and Natural Resources, denied 
Mr. Dedman's and Dr. Aluli's petition for a contested case 
hearing, but notified them that their petition would be treated 
as an application to intervene. Despite the efforts of the 
intervenors Mr. Dedman and Dr. Alu1i to obtain a ruling from the 
BLNR prior to the commencement of the contested case hearing on 
November 13, 1985, no such ruling was forthcoming. Consequently, 
the intervenors were unable to either appeal an adverse decision 
on their status, or to prepare adequately as intervenors for the 
contested case hearing. 
By letter of November 1, 1985, the intervenors Mr. Dedman 
and Dr. Aluli formally requested a continuation of scheduled 
prehearing conferences and the contested case hearing itself to 
allow time for the BLNR to rule on their status as intervenors 
and to allow time to prepare for the hearing. This request for a 
continuance was denied. This course of action by the BLNR 
effectively denied the intervenors due process of law as 
guaranteed by the 14th Amendment to the United States 
Constitution. 
D. This Proceeding Should be Dismissed. or the Proposal 
Should be Denied. 
For the above reasons, and based upon the Proposed 
Findings of Fact and Conclusions of Law contained herein, this 
proceeding should be dismissed in its entirety, or, in the 
-5-
alternative, DOWALD's proposal for geothermal subzone designation 
for the Kilauea Middle East Rift Zone should be denied in its 
entirety. 
II. PROPOSED FINDINGS OF FACT. 
A. Proposed Findings of Fact as to Intervenors' Claim of 
Interference with Their Constitutionally Protected Right to Free 
Exercise of Religion. 
1. Pele is one of the most imiJortant gods known to 
Native Hawaiian religion, and is the heart and the life of Native 
Hawaiian religious beliefs. Intervenors' Ex.2. 
2. Thousans of Native Hawaiian people are 
practitioners of Native Hawaiian religion and are worshippers of 
the god Pele. See oral testimony of Dr. Aluli, Tr., Vol. VI, p. 
16-17. 
3. Pele's abode, or home, is understood by Pele 
religious practitioners to be the general area of volcanic 
activity on the island of Hawaii, extending from Mauna Loa 
through the Ka'u and Puna districts to the Pacific Ocean, and 
including the entire area of Kilauea Volcano and the East and 
Southwest Rift Zones. Oral tesimonyof Dr. Aluli, Tr., Vol. VI, 
p. 10, 12-13. 
4. The area known to Pele practitioners as Pele' s 
abode, or home, is considered a sacred area. Oral testimony of 
Dr. Aluli, Tr., Vol. VI, p. 10. 
5. Certain activities are considered impermissible 
by Pele practitioners within the area of Pele's abode, or heme. 
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Such activities are considered to be an offense to Pele, and a 
desecration of her body and being. Oral testimony of Mr. Dedman, 
Tr., Vol. V, p. 140-141. 
6. Geothermal exploration and development is 
considered by Pele practitioners to be an offense against Pele 
and a desecration of her body and being because it involves 
drilling into Pele's body and removing her very energy. 
testimony of Dr. Aluli, Tr., Vol. VI, p. 16. 
Oral 
7. In the view of Pele religious practitioners, 
geothermal exploration and development will actually take and 
kill Pele forever. Orall testimony of Dr. Aluli, Tr., Vol. VI, 
p. 26. 
8. The area of active volcanism on the island of 
H~waii is considered by Pele practitioners to be Pele's physical 
body. Oral testimony of Dr. Aluli, Tr., Vol. VI, p. 10-11. 
9. The geothermal resource is usually associated 
with the presence of fluid magma beneath the earth's surface. 
Oral testimony of Dr. Thomas, Tr., Vol. ~V , p. 17.:. 
10. The presence of magma indic~tes the actual 
presence of Pele in that area. Or~l testimony of Dr. Aluli, Tr., 
Vol. VI, p. 10-11. 
11. N~tive Haw~iians and Pele practitioners believe 
that offenses ag~inst Pele, and desecrations of her sacred body, 
such as geothermal exploration and development, will cause Pele 
to retali~te violently in the form of volcanic eruptions, 
earthquakes and tsunamis. Native Haw~iians and Pele 
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practitioners fear for the loss of their lives and the lives of 
their children. Oral testimony of Mr. DedQan, Tr., Vol. V, p. 
141-142. 
12. Pele is central and indispensable to Native 
Hawaiian religious beliefs and practices. Oral testimony of Dr. 
Aluli, Tr., Vol. VI, p. 19. 
13. Pele is present and seen in the sacred area 
surrounding Kilauea Volcano in kino lau, or alternate body forms, 
which include the fern, certain shrubs, certain native trees, and 
certain volcanic land forms. These plants, as kino lau, and the 
various significant land forms, as kino lau, such as Pu'u, are 
sacred. Intervenors' Ex. 2. 
14. Pele is a living god, whose presence is 
manifested in periodic and frequent volcanic eruptions. 
Intervenors' Ex. 2. 
15. Pele is Kupuna and Tutu to Pele practitioners. 
As such, Pele as a spiritual concept and experience is central to 
their lives and psychological survival. Pele is also Akua and 
Aumakua of Pele practitioners. Intervenors' Ex. 2. 
16. Pele provides inspiration, strength, and focus 
for the lives of Pele practitioners. Intervenors' Ex. 2. 
17. Because it represents to Pele practitioners an 
actual, physical degradation and violation of Pele's body, 
geothermal exploration and development will threaten and probably 
prevent the continuation of all essential ritual practices with 
respect to Pele, and therefore impair the ability of Pele 
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practitioners to train young persons in traditional Hawaiian and 
Pele religious beliefs and practices. This means that Native 
Hawaiian religion and culture will not be conveyed to future 
generations and will die. Intervenors' Ex. 2. 
18. Pele influences and informs the daily physical 
and spiritual life of Pele practitioners. It is essential to 
them that Pele not be violated and degraded, and that she be 
allowed to exist in her unaltered form and in a pristine natural 
environment. 
19. In volcanic eruptions, Pele is the heat, the 
water and steam, and the smoke or vapor. Intervenors' Ex. 2. 
20. Pele is the creator and the embodiment of the 
creation process. Pele represents the cosmic creation process as 
actually seen in a volcanic eruption. Intervenors' Ex. 2. 
21. Geothermal exploration and development will 
diminish and finally destroy Pele's creative force. This will 
cause spiritual, cultural, psychological and sociological injury 
to the people who worship and respect Pele. Intervenors' Ex. 2. 
22. The "renewable geothermal resource" in the 
Kilauea area is only 50 megawatts annually. Production of 
geothermal energy in excess of 50 megawatts annually will 
constitute energy mining, and will physically diminish the amount 
of heat energy present in the Kilauea active volcanic system. 
Written testimony of Dr. Robert Decker, VCA, Ex. 216, p. 5 from 
CDUA contested case hearing No. HA- 3/2/82-1463. 
23. To the Pele practitioners, geothermal energy 
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production constitutes an actual, physical diminishment of Pele's 
energy and hence her spiritual power. It will diminish her 
vitality so that she will no longer respond to her people's 
prayers. 
24. Geothermal exploration and development will 
personally injure the sacred body of the god Pele. Intervenors' 
Ex. 2. 
25. Violation and desecration of the sacred body of 
the god Pele, as Pele practitioners believe will occur with 
geothermal exploration and development, will destroy the 
relationship and communication which Pele practitioners have w:l th 
the god Pele. 
26. Geothermal energy production will withdraw 
Pele' s energy, and literally diminish and eventually deplete her 
creative force. 
B. Proposed Findings of Fact Relating to the Need fo::-
Geothermal Energy Develooment on the Island of Hawaii. 
27. Electrical power needs on the island of Hawaii 
are stable, and the demand for geothermal electrical energy on 
the island of Hawaii is limited. Testimony of Manabu Tagamori, 
Tr. Vol. pp. 77-78. 
28. The Hawaii Electric Light Company is seeking only 
13 megawatts of geothermal generating capacity on the Island of 
Hawai. This will meet the forseeable needs of Hawaii Electric 
Light Company for the Island of Hawaii through at least 1989. 
Oral testimony of Alva Nakamura, Tr. Vol. IV, p.l04-05. 
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29. The 13 megawatts of geothermal generating 
capacity referred to above would be used to replace biomass 
generating capacity from Puna in the event that Puna is not able 
to renew its contract. It is not known at this time whether Puna 
will or will not renew. Oral testimony of Alva Nakamura, Tr., 
Vol. IV, p. 112. 
30. The Hawaii Electric Light Company has signed 
contracts with wind developers to provide in excess of 20 
megawatts of new electric generating capacity. Oral testimony of 
Alva Nakamura, Tr. Vol. IV., p. 112. 
31. The Hawaii Electric Light Company does not plan 
to replace its existing diesel electric power generating 
capacity. Oral testimony of Alva Nakamura, Tr., Vol. IV, p. 110. 
32. The Hawaii Electric Light Company actually 
requires only 8.25 megawatts of additional generating capacity 
through the year 1989. This electric generating capacity can be 
provided by three diesel generating units. Oral testimony of 
Alva Nakamura, Tr. Vol. IV, p. 120. 
33. The use of geothermal electric generating 
capacity will not reduce the cost of electric energy to 
consumers. 
132. 
Oral testimony of Alva Nakamura, Tr., Vol. IV, p. 
34. Present and future needs of the Island of Hawaii 
can be met by Hawaii Electric Light Company from diesel:, wind, 
hydro and biomass electric generating capacity for the forseeable 
future. Oral testimony of Alva Nakamura, Tr., Vol. IV, p. 132. 
C. Proposed Findings of Fact with Resoect to DOWALD's 
Decision to Prooose a Geothermal Subzone for the Middle East Rift 
Zone .. 
35. DOWALD was aware at the time it proposed 
geothermal subzone designation for the Middle East Rift Zone that 
Native Hawaiian Pele practitioners consider the lands proposed 
for geothermal subzone designation to be sacred and both the 
physical body and abode of their god Pele. These practitioners 
consider their connection and communication with Pele to be 
essential to the successful conduct of their daily life 
activities. These people also believe that geothermal 
development may forever extinguish or destroy essential parts of 
Hawaiian heritage, culture and religion, and that Pele 
disapproves, is offended, and may retaliate in ways that would 
harm them or their families. Oral testimony of Manabu Tagamori, 
Tr., Vol. III, p. 7-9. 
36. DOWALD arbitrarily discounted the information 
that geothermal exploration and development will interfere with, 
and even destroy, the Pele religion and certain aspects of 
Hawaiian culture on the principle grounds that 1) Native 
Hawaiians and Pele practitioners do not object to geothermal 
exploration and development because ancient Hawaiians used 
naturally occurring steam vents and fumarols to cook food for 
ritual (religious) use and 2) certain individual Native Hawaiians 
do not oppose geothermal exploration and development. Oral 
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testimony of Manabu Tagamori, Tr., Vol, III, p. 12-13, Tr., Vol. 
IV, p. 96-97, DOWALD Exhibit No. 10. 
37. The only guidelines used by DOWALD to determine 
whether it should propose a geothermal subzone for the Middle 
East Rift Zone were Hawaii Acts Nos. 296 and 151, and the DLNR 
Administrative rule in subzoning. 
Tagamori, Tr., Vol. III, p. 64-66. 
Oral testimony of Manabu 
38. DOWALD did not attempt to determine how much 
electrical energy could be supplied from the Kapoho and Kamaili 
geothermal subzones before recommending geothermal subzone 
designation for the Middle East Rift Zone. 
Manabu Tagamori, Tr., Vol. III, p. 77-78. 
Oral testimony of 
39, DOWALD decided to recommend geothermal subzone 
designation for the Middle East Rift Zone on the basis of certain 
assumptions, apparently different from the seven criteria set 
forth in Hawaii Act. No. 296, and on the basis of certain 
mandates, also apparently different from the seven criteria 
provided in the Act. Oral testimony of Manabu Tagamori, T:r., 
Vol. I, p. 107. 
40, In determining whether to propose a geothermal 
subzone designation for the Middle East Rift Zone, DOWALD 
arbitrarily discounted adverse public comments simply on the 
basis of the fact that there were favorable public comments. 
Oral testimony of Manabu Tagamori, Tr., Vol. I, p. 56-57 
41. In determining the compatibility of the proposed 
geothermal subzone designation with existing land uses in the 
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area, as required by Hawaii Act No. 296, DOWALD did not consider 
the fact that the area has already been designated a natural area 
reserve. Instead, DOWALD believed it had a mandate from the BLNR 
to propose the Middle East Rift Zone for geothermal subzone 
designation. 
106. 
Oral testimony of Manabu Tagamori, Tr., Vol. I, p. 
42. DOWALD did not originally propose the Middle East 
Rift Zone for geothermal subzone designation because of its 
status as a natural area reserve. DOWALD provided no reason 
consistent with the seven criteria mandated by Hawaii Act No. 296 
why it changed its earlier opinion and proposed the Middle East 
Rift Zone for geothermal subzone designation. Oral testimony of 
Manabu Tag~~ori, Tr., Vol. I, p. 104-105. 
43. The sole reason for DOWALD' s proposal that the 
Middle East Rift Zone be designated a geothermal subzone was the 
decision and order of the board in the Kahaualea Geothermal 
Subzone Proceeding. Oral testimony of Manabu Tagamori, Tr., Vol. 
I, p. 105. 
the 
44. No specific weight 
considerations mandated by 
was given by DOWALD to any of 
Hawaii Act. No. 296 for the 
decision to designate a geothermal subzone. Oral testimony of 
Manabu Tagamori, Tr., Vol. I I, p. 114. 
45. DOWALD weighed the seven factors listed in 
Hawaii Act No. 296 in originally determining not to recommend the 
~iddle East Rift Zone for geothermal subzone designation. Oral 
testimony of Manabu Tagamori, Tr., Vol. II, p. 116. 
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46. Despite the fact that DOWALD possessed 
uncontroverted evidence that designation of the Middle East Rift 
Zone as a geothermal subzone will interfere with religious 
beliefs and activities which are central and indispensable to the 
practice of Native Hawaiian religion, and despite the fact that 
the social consideration portion of §205 (b)(4) of Hawaii Act No. 
296 (which includes religion) was not considered by DOWALD to be 
less important than any other factors to be considered under §205 
of Act No. 296, DOWALD arbitrarily proposed the Middle East Rift 
Zone for geothermal subzone designation. 
Manabu Tagamori, Tr., Vol. II, p. 119-121. 
Oral testimony of 
47. The potential social and economic impact of 
designating the Middle East Rift Zone as a geothermal subzone 
were studied under contract to DOWALD only for geothermal 
production from the subzone of up to 30 megawatts. Oral 
testimony of Bee Yee, Tr., Vol. I, p. 22, p. 127-128, p. 138-139. 
48. An appropriate assessment or determination of an 
''acceptable balance" among the seven criteria for geothermal 
subzone designation set forth in §205 of Hawaii Act No. 296 was 
possible with respect to the Middle East Rift Zone because the 
full social and economic impact of the geothermal subzone 
designation was not assessed. Oral testimony of Yee, Tr., Vol. 
I, p. 122-123, p. 127-128. 
49. No meaningful analysis of the seven factors 
required to be considered pursuant to Hawaii Act No. 296 in 
determining whether to propose a geothermal subzone designa:ion 
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was undertaken by DOWALD prior to its decision to propose the 
Middle East Rift Zone for geothermal subzone designation. No 
meaningful standards of decision making were applied, and the 
decision is best characterized as arbitrary and capricious. Oral 
testimony of Manabu Tagamori, Tr., Vol. III, p. 25-27; Tr., Vol. 
II, p. 113-123. 
D. Additional Proposed Findings of Fact Adopted by 
Reference. 
Intervenors hereby adopt the following proposed findings 
of fact from the brief of the Volcano Community Association, et 
al.: 
Nos. 1-17 
Nos. 32-55 
I I I. PROPOSED CONCLUSIONS OF LAW 
A. Intervenors' Proposed Conclusions of Law. 
1. DOWALD did not make a meaningful or adequate 
assessment or analysis of the factors required by Hawaii Act No. 
296 to be considered in determining whether to propose in excess 
of 11,000 acres in the Middle East Rift Zone as a geothermal 
subzone. 
2. The proposed Middle East Rift Zone geothermal 
subzone does not demonstrate an ''acceptable balance" among the 
factors required by Hawaii Act No. 296 to be considered by the 
BLNR in designating a geothermal subzone. 
3. There is no need to designate any part of the 
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Kilauea Middle East Rift Zone as a geothermal subzone at the 
present time because current projections of future electric power 
needs of the County of Hawaii are no more than 13 megawatts 
through 1989, which need can be satisfied by non-geothermal 
methods of electric power generation or by the previously 
designated Kapoho and Kamaili Geothermal Subzones. 
4. The First Amendment right to the free exercise 
of religion of the intervenors Mr. Dedman and Dr. Aluli will be 
impermissibly burdened by exploration for or development of 
geothermal resources within any part of the area proposed by 
DOWALD as a geothermal subzone in the Middle East Rift Zone of 
Kilauea. 
5. DOWALD has failed to show any compelling or 
overriding state interest in the designation of any part of the 
Middle East Rift Zone of Kilauea as a geothermal subzone which 
will JUStify the burden upon the intervenors Mr. Dedman's and Dr. 
Aluli' s First Amendment right to the free exercise of their Pele 
religion. 
6. The religious beliefs of the intervenors Mr. 
Dedman and Dr. Aluli in the Native Hawaiian god Pele is deeply 
rooted in the ancient and traditional Native Hawaiian religion. 
7. The Native Hawaiian religious beliefs and 
practices of the intervenors Mr. Dedman and Dr. Aluli which will 
be infringed by geothermal exploration and development in any 
part of the Kilauea Middle East Rift Zone are central and 
indispensable to the practice of their religion. 
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8. Any overriding or compelling interest which the 
State of Hawaii may have in the designation of any part of the 
Middle East Rift Zone of Kilauea as a geothermal subzone can be 
satisfied by alternative means, namely, by utilization of 
electric energy production from diesel power plants, wind farms, 
biomass fuel or hydropower, or by energy conservation. 
B. Additional Proposed Conclusions of Law Adopted by 
Intervenors by Reference. 
Intervenors Mr. Dedman and Dr. Aluli hereby incorporate 
by reference the proposed conclusions of law Nos. 1-11 of the 
Volcano Community Association, et al. 
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Respectfully submitted, 
Thomas E. Luebben 
Counsel for Intervenors 
201 Broadway SE 
Albuquerque NM 87102 
(505)842-6123 
IN THE SUPREME COURT OF THE STATE OF HAWAII 
---ooo---
RALPH PALIKAPU O'KAMOHOALII DEDMAN and DR. NOA EMMETT AUWAE 
ALULI, Intervenors-Appellants, and VOLCANO COMMUNITY 
ASSOCIATION, et al., Petitioners, vs. BOARD OF LAND AND 
NATURAL RESOURCES, et al., Appellees. 
NO. 11126 
APPEAL FROM BOARD OF LAND AND NATURAL RESOUR~S 
(G.S. NO. 9/26/85-5) 
.. ,_ ... 
AND 
RALPH PALIKAPU O'KAMOHOALII DEDMAN and DR. NOA EMMETT AUWAE 
ALULI, Petitioners-Appellants, and LEHUA LOPEZ, et al., 
Petitioners, vs. BOARD OF LAND AND NATURAL RESOURCES, 
et al., Appellees. 
NO. 11334 
APPEAL FROM BOARD OF LAND AND NATURAL RESOURCES 
(CDUA NO. HA-12/20/85-1830) 
JULY 14, 1987 
LUM, C.J., NAKAMURA, PADGETT, HAYASHI, JJ. and 
INTERMEDIATE COURT OF APPEALS ASSOCIATE JUDGE HEEN 
IN PLACE OF WAKATSUKI, J., EXCUSED 
CONSTITUTIONAL LAW -- personal, civil and political rights --
religious liberty and freedom of conscience -- in general. 
In order to find an unconstitutional infringement on 
religious practices, it is necessary to examine whether or 
not the activity interfered with by the state was motivated 
by and rooted in a legitimate and sincerely held religious 
belief, whether or not claimants' free exercise of religion 
is burdened by the regulation, the extent or impact of the 
regulation on the parties' religious practices, and whether 
or not the state has a compelling interest in the regulation 
which justified such a burden. 
CONSTITUTIONAL LAW-- personal, civil and political rights --
religious liberty and freedom of conscience -- particular 
matters and applications -- zoning and land use. 
Designation of an area as a geothermal resource subzone 
and approval of specific geothermal development plans do not 
infringe on claimants' freedom to exercise their religion 
where it is undisputed that claimants never used the land 
for religious purposes and have presented no objective 
evidence of harm to religious practices. 
ADMINISTRATIVE LAW -- powers and proceedings of administrative 
agencies, officers and agents -- hearings and adjudications 
findings. 
SAME same -- same -- conclusions. 
Hawaii Revised Statues § 91-12 (1985) requires an 
agency to rule upon proposed findings, but a separate ruling 
on each proposed finding filed by a party is not indispens-
able. The statute only requires that the parties not be 
left to guess, with respect to any material questions of 
fact, or to any group of minor matters that may have cumu2a-
tive significance, the precise findings of the agency. 
ADMINISTRATIVE LAW -- judicial review of administrative decisions 
-- scope of review in general -- burden of showing error. 
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t ' 
An agency's findings are presumptively correct, and 
cannot be set aside on appeal unless they are shown to be 
clearly erroneous in view of the reliable, probative and 
substantial evidence of the record as a whole. 
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OPINION OF THE COURT BY LUM, C.J. 
I. 
This appeal presents us w~th various challenges to the 
approval of the development of geothermal energy in the Kilauea 
Middle East Rift Zone ("KMERZ") on the island of Hawaii. The two 
separate appeals taken from the decisions of the Board of Land 
and Natural Resources ("Board") were consolidated at oral argu-
ment as they present similar facts and issues to this court. 
Hawaii Rules of Appellate Procedure 3(b). 
Both cases challenge the decision to permit geothermal 
energy development in the KMERZ area on the ground that it 
violates Appellants' right to freely exercise their religion. In 
No. 11126, Appellants also allege the Board failed to adequately 
consider their religious claims in weighing the criteria for 
establishing a geothermal resource subzone under Hawaii Revised 
Statutes ("HRS") § 205-5.2 (d) (3) (1985). 
Other errors alleged on appeal concern the designation 
of the area as a geothermal resource subzone and the grant of a 
permit to develop a 25 megawatt ("MeW") geothermal generator with 
exploration for development of another 75 MeW of geothermal 
energy in the future. 
We affirm. 
II. 
In 1983 the Hawaii legislature passed the Geothermal 
E'-ergy Act which granted the Board of Land and Natural Resources 
primary responsibility for establishing geothermal resource zones 
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within the state. Act 296, § 3, 1983 Haw. Sess. Laws 638, 
codified at HRS § 205.2 (a) (1985). Once the Board has estab-
lished such zones, if the project falls within an area zoned 
conservation land, as in the present case, then the Board has 
jurisdiction to approve the project. Act 151, § 2, 1984 Haw. 
Sess. Laws 279, codified at HRS § 205-5.1 (d) (1985). 
In the present case, Appellees The Estate of James 
Campbell and True/Mid-Pacific Geothermal Ventures (collectively 
"Campbell") applied for a conservation district use permit in the 
Kahauale'a area on March 2, 1982. Over the next year, the Board 
received the environmental impact statement on the application 
and conducted contested case hearings concerning this matter. On 
February 25, 1983, the Board heard oral argument on the applica-
~ion, propounded its findings of fact and conclusions of law, and 
rendered its Decision and Order ("February 25,1983 Decision"). 
The February 25, 1983 Decision granted Campbell the permit with 
43 conditions on exploration and development of baseline activ-
ities. 
In June of 1983, volcanic eruptions in the Kahauale'a 
area caused some question as to the safety of tapping geothermal 
resources in the specific site approved. In May of 1984, the 
Board proposed administrative rules concerning hearings on the 
designation and regulation of geothermal resource subzones. Also 
in May of 1984, the legislature passed Act 151, which mandated 
the Board to assess the February 25, 1983 Decision regarding the 
Kahauale' a area as a geothermal resource subzone. 19 8 4 Haw. 
Sess. Laws § 3, at 281. In July, the Board's administrative 
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rules concerning geothermal subzones were adopted, and in August 
they were amended. 
Throughout 1984, various public and contested case 
hearings were held around the island of Hawaii concerning desig-
nation of the Kahauale'a area as a subzone. On December 28, 
1984, the Board issued its preliminary Decision and Order approv-
ing the designation of the Kahauale 'a area as a geothermal 
subzone ("December 28, 1984 Decision"). The decision instructed 
Campbell to explore the possibility of a land swap wherein the 
Kahauale'a land, which is situated adjacent to Volcano National 
Park, would be exchanged for land in the Wao Kele '0 Puna Natural 
Area Reserve (to the east) in the KMERZ. On August 10, 1984, 
Campbell applied for a conservation district use permit to 
develop 100 MeW of geothermally generated electricity in the 
KMERZ. 
During much of 1985 more public and contested case 
hearings were held on designation of the KMERZ as a geothermal 
resource subzone. In October of 1985, the Board amended the 
December 28, 1984 Decision and approved the land swap but 
included an area to be later given to the nearby national park. 
In November of 1985, Appellants were granted intervenor 
status in the scheduled contested case hearings concerning the 
approval of the KMERZ area as a geothermal resource subzone. The 
hearings were held fror.. November 13 to 15 in Hilo. On 
December 20, 1985, the Soard issued its Decision and Order, and 
on April 9, 1985, it issued findings of fact and conclusions of 
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law ("April 9, 1985 Decision") approving of 9,014 acres as a 
geothermal resource subzone. 
On December 27, 1985, the State and Campbell Estate 
exchanged deeds, the State receiving the Kahauale 'a land and 
Campbell Estate receiving a portion of the KMERZ area. The State 
reserved, however, mineral rights, including the underground 
steam, and required Campbell Estate "covenant that the use and 
enjoyment of the land conveyed shall not be in support of any 
policy which discriminates against anyone based upon race, creed, 
color or national origin." ~ HRS S 171-64 (1985). 
The Board accepted Campbell's application for a 
conservation district use permit on January 3, 1986 and required 
that they complete an environmental impact statement on the 
proposed action. A public hearing on the application was heard 
on January 13, 1986, .at which time a contested case hearing was 
requested. Contested cases hearings were held from February 18 
to 23, 1986 and on March 14, 1986. The Board issued its Decision 
and Order on April 11, 1986 later amended by the findings of fact 
and conclusions of law filed June 18, 1986 ("June 18, 1986 
Decision"). The June 18, 1986 Decision permits Campbell to 
explore, develop, and produce up to 25 MeW of geothermal energy, 
and allows Campbell to explore for the future development of an 
additional 75 MeW, all subject to compliance with conditions on 
archaeological sites and air, water, land, noise, and light 
pollution monitoring. 
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Defendants subsequently filed a motion to appeal to 
this court. The Board granted Appellants' motion on 
September 28, 1986. 1 
III. 
Appellants' religious claims with regard to both the 
designation of a geothermal resource subzone and the granting of 
the permit are essentially the same. Hence, this issue is 
treated immediately below. Challenges to the Board's exercise of 
discre:ion involve separate issues and are treated separately for 
each appeal in section IV. 
Appellants' main contention on appeal is that the 
approval of the geothermal project will infringe on their reli-
gious practices as "Pele practitioners." According to Appellant 
Aluli, the goddess 2 Pele migrated to the Northwestern. Hawaiian 
Islands from Tahiti. She then moved down the island chain until 
she reached the island of Hawaii where she lives today. Areas in 
the island chain where she attempted to establish herself are 
considered sacred. Appellant Aluli identified as especially 
sacred the area "from Moku'aweoweo [the top of], Mauna Loa, all 
1 In 1985, the legislature provided for appeals directly to 
the supreme court from decisions of the Board approving a project 
within the resource subzone. Act 226, § 1, 1985 Haw. Sess. Laws 
414, codified at HRS S 205-5.l(f) (1985). Jurisdiction over the 
present appeal-rs based on this subsection. 
2 According to Appellants, Pele is considered either an akua 
(god) or an aumakua (family or personal god). This distinction 
has significance insofar as one witness considered Pele as an 
aumakua, and worshipped Pele in her home. 
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the way down including these areas from Puna to Ka 'u" on the 
southeastern portion of the island. Phenomena associated with 
the volcanic activity, i.e., heat, steam, magma, as well as the 
surrounding landscape, i.e., ferns, shrubs, land and even the 
rain, are also considered sacred. Development of geothermal 
resources in the area, Appellants contend, will impinge on their 
right ~o freely exercise their religion as guaranteed under the 
first amendment to the United States Constitution3 and article I, 
section 4 of the Hawaii Constitution. 4 
In order to find an unconstitutional infringement on 
Appellants' religious practices, 
it [is) necessary to examine whether or not the 
activity interfered with by the state was motivated by 
and rooted in a legitimate and sincerely held reli-
gious belief, whether or not the parties' free exer-
cise of religion had been burdened by the regulation, 
the extent or impact of the regulation on the parties' 
religious practices, and whether or not the state had 
a compelling interest in the regulation which justi-
fied such a burden. 
State ex rel. Minami v. Andrews, 65 Haw. 289, 291, 651 P.2d 473, 
474 (1982). Accord Wisconsin v. Yoder, 406 u.s. 205 (1972). 
Moreover, the United States Supreme Court has "long recognized a 
distinction between the freedom of individual belief, which is 
absolute, and the freedom of individual conduct, which is not 
3 This amendment reads in part: "Congress shall make no law 
respecting an establishment of religion, or prohibiting the free 
exercise thereof[.]" U.S. Const. amend. I. 
4 This section provides in part: "No law shall be enacted 
respecting an establishment of religion, or prohibiting the free 
exercise thereof[.]" Haw. Const. art. I, § 4. 
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absolute." Bowen v. Roy, 476 U.S. I I 106 s. Ct. 2147, 
-- --
2152, 90 L. Ed. 2d 735, 744 (1986). See Braunfeld v. Brown, 366 
u.s. 599, 603 (1961); Reynolds v. United States, 98 u.s. (8 Otto) 
145 (1879). Accord Koolau Baptist Chur::h, 68 Haw. , 718 
P. 2d 267 I 271 (1986). 
Neither the Board nor Campbell questions the legitimacy 
and sincerity of Appellants' religious claims. We therefore turn 
to the issue of whether or not the parties' free exercise of 
religion had been burdened by the regulation, and the extent or 
impact of the regulation on the parties' religious practices. 
As a preliminary matter, "it is necessary in a free 
exercise case for one to show the coercive effect of the [law) as 
it operates against him in the practice of his religion." School 
District of Abington Township v. Schempp, 374 u.s. 203, 223 
(1963). Accord Thomas v. Review Board, Indiana Employment 
Security Division, 450 u.s. 707, 717-18 (1981); Koolau Baptist 
Church v. Department of Labor, 68 Haw. at , 718 P.2d at 272 
(1986). Appellants' assert this burden through testimony that 
construction of geothermal energy plants will desecrate the body 
of Pele by digging into the ground and will destroy the goddess 
by robbing her of vital heat. They claim this will interfere 
with their ritual practices, and will disable them from training 
young Hawaiians in traditional beliefs and practices (e.g., chant 
and hula). As such, approval of the geothermal plant does not 
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regulate or directly burden Appellants' religious beliefs, 5 nor 
inhibit religious speech. 6 Further, the Board's action does not 
compel them, by threat of sanctions, to refrain from relig~ously 
motivated conduct7 or engage in conduct they find objectionable 
1 . . d 8 on re ~g~ous groun s. See Bowen, 476 U.S. at , 106 S. Ct. at 
2153-54, 90 L. Ed. 2d at 746 (plurality opinion); Braunfeld, 366 
u.s. at 603. 
Rather, Appellants assert an infringement on their 
religious practices. In order to demonstrate th~ coercive effect 
of the geothermal project, Appellants must show a "substantial 
burden" on religious interests. Koolau, 68 Haw. at I 718 P.2d 
5 Estate of Thornton v. Calder, Inc., 472 U.S. 703 (1985); 
Tony and Susan Alamo Foundation v. Secretary of Labor, 471 u.s. 
290 (1985); Follet v. Town of McCormick, 321 u.s. 573, 577-78 
(1944); Murdock v. Pennsylvania, 319 U.S. 105, 112 (1943). 
6 Cf. Widmar v. Vincent, 454 u.s. 263 (1981); Wooley v. 
Maynara, 430 u.s. 705 (1977); Cantwell v. Connecticut, 310 u.s. 
296 (1940). 
7 Cf. Goldman v. Weinberger, 475 u.s. 503 (1986); Sherbert v. 
Verner, 374 u.s. 398 (1963); Braunfeld v. Brown, 366 u.s. 599 
(1961); Prince v. Massachusetts, 32l u.s. l58 (1944); Cox v. New 
Hampshire, 312 U.S. 569 (1941); Pierce v. Society of S~sters, 268 
U.S. 510 (1925); Reynolds v. United States, 98 U.S. (8 Otto) 145 
(1879). 
8 Cf. Hobbie v. Unemployment Appeals Comm'n of Florida, __ _ 
u.s. , 107 s. Ct. 1046, 94 L. Ed. 2d 190 (1987); Thomas v. 
Review-Board, Ind. Em lo ent Sec. Div., 450 u.s. 707, 717-18 
(198 ; Un~te States v. Lee, 4 5 U.S. 52, 259 (1982); Wisconsin 
v. Yoder, 466 u.s. 205 (1972); Gillette v. United States, 401 
U.S. 437 (1971); Sch. D::.st. Abinaton Townsh~p v. Schempp, 374 
u.s. 203 (1963); Torcaso v. Watkins, 367 u.s. 488 (1961); ~ 
Virginia Bd. of Ed. v. Barnette, 319 U.S. 624 (1943); Jacobson v. 
Massachusetts, 197 u.s. 11 (l905). 
-8-
at 272; Wisconsin v. Yoder, 406 U.S. at 218. Yet it is uncon-
tesced that "[n]either of the [Appellants] nor any of the wit-
nesses testified that they ever conducted or participated in 
religious ceremonies on this land." And the Board specifically 
concluded that "[t]here is no indication that tapping this heat 
source from the earth has diminished or negatively affected the 
eruptive nature of Kilauea Volcano." There is simply no showing 
of "the kind of objective danger to the free exercise of religion 
that the First Amendment was designed to prevent." Wisconsin v. 
Yoder, 406 u.s. at 218. 
To invalidate the Board's actions based on the mere 
assertion of harm to religious practices would contravene the 
fundamental purpose of preventing the state from fostering 
support of one religion over another. 9 As Judge Learned Hand 
stated: 
The First amendment . gives no one the right to 
insist that in pursuit of their own interests others 
must conform their conduct to his own religious neces-
sities. • • . We must accommodate our idiosyncracies, 
religious as well as secular, to the compromises 
necessary in communal life[.] 
9 The entire amendment was designed to insulate religious 
activity from state involvement. See Everson v. Bd. of Educa-
tion, 330 U.S. 1, 8-10 (1947); WalZ'V. Tax Comm'n, 397 u.s. 664, 
'66'8(1970); Watson v. Jones, 80 U.S. (13 Wall.) 679, 730 (1871). 
See generally L. Tr.:.be, American Constitutional Law 814-15 
(1978); McCoy, A Unifying Theory for the Religion Clauses of the 
First Amendment, 39 Vand. L. Rev. 249, 255 & n.20 (1978). The 
Supreme Court has summarized the purpose behind the free exercise 
clause thus: "Congress [is] deprived of all legislative power 
over mere opinion, but [is] left free to reach actions which 
[are] in violation of social duties or subversive of good order." 
United States v. Reynolds, 98 u.s. (8 Otto) at 164. 
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Otten v. Baltimore & Ohio R. Co., 205 F.2d 58, 61 (2d Cir. 1953). 
Accord Estate of Thornton v. Calder, Inc., 472 u.s. 703, 710 
(1985). 
We find no merit to Appellants' claim that the project 
will substantially burden their religious practices. As the 
Board stated, "[b]y virtue of the land exchange, the proposed 
development site will be an additional 5 to 10 miles away from 
Moku'a'weoweo and Halema'uma'u where tradition suggests Pele to 
reside." Moving the project away from the volcanic phenomena 
associated with Pele further accommodates Appellants' religious 
practices. 
The free exercise clauses of the state and federal 
constitutions are "written in terms of what the government cannot 
do to the individual, not in terms of what the individual can 
extract from the government.". Sherbert v. Verner, 374 u.s. 398, 
412 (1963) (Douglas, J., concurring). Accord Bowen, 476 u.s. at 
, 106 S. Ct. at 2152, 90 L. Ed. 2d at 744. See Crow v. 
Gullet, 541 F. Supp. 785, 791 (D.S.D. 1982) ("the free exercise 
clause places a duty upon a state to keep from prohibiting 
religious acts, not to provide the means or the environment for 
carrying them out."), aff'd 706 F.2d 856 (8th Cir.) (per curiam), 
cert. denied sub nom. Fools Crow v. Gullet, 464 u.s. 977 (1983). 
See also Inupiat Community of Arctic Slope v. United States, 548 
F. Supp. 182, 188-89 (D. Alaska 1982), aff'd 746 F.2d 570 (9th 
Cir. 1984) (per curiam); cert. denied ____ u.s. ____ , 106 s. Ct. 68 
(1985). 
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IV. 
Appellants' other objections to development of 
geothermal energy in the area allege errors by the Board peculiar 
to each of the Board's decisions: designation of a geothermal 
resource subzone in No. 11126 and permit approval of a geothermal 
site in No. 11334. 
A. Case No. 11126 
Appellants assert the Board's procedure in designating 
the area as a geothermal resource subzone violates due process in 
that the Board's Administrative Rule § 13-184-610 failed to 
10 This rule reads: 
Criteria for the designation of subzones. The 
board, in designating an area a geothermal resource 
subzone, shall be guided by the selection of those 
areas that can demonstrate an acceptable balance 
among the criteria set forth below: 
(1) That the area has 
geothermal activities; 
(2) That there is a known or 
for the utilization 
resources for electrial 
tion; 
potential for 
likely prospect 
of geothermal 
energy produc-
(3) That any potential geologic hazards to 
geothermal production or use in the 
proposed area are examined; 
(4) That any environmental or social impacts 
of the development of geothermal 
resources within the proposed area be 
considered; 
(5) That the compatiblity of development and 
utilization of geothermal resources 
within the proposed area is considered 
with other allowed uses within the area 
and within the surrounding lands; and 
(6) That the potential benefits to be derived 
(Footnote Continued) 
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provide an "ascertainable standard sufficient to meet constitu-
tional requirements," and the Board's delegate, the Department of 
Water and Land Development ("DOWALD") failed to adequately assess 
the potential effects of sub zoning. They further allege the 
Board erred in accepting or rejecting their proposed findings 
concerning the impact of the proposed development on Pele practi-
tioners. We take each issue in turn. 
In the past, we have given great deference to an 
administrative agency's interpretation of its legislative mandate 
and its own administrative rules. See, ~· Aio v. Hamada, 66 
Haw. 401, 407, 664 P.2d 727, 731 (1983); Treloar v. Swinerton & 
Walberg Co., 65 Haw. 415, 424, 653 P.2d 420, 426 (1982). 
"Although administrative convenience or even necessity cannot 
override the constitutional requirement of due process, • • • 
agencies 'should be free to fashion their own rules of procedure 
and to pursue methods of inquiry capable of permitting them to 
discharge their multitudinous duties. '" Yamada v. Natural 
Disaster Claims Commission, 54 Haw. 621, 627, 513 P.2d 1001, 1005 
(1973) (citation omitted) (quoting F.C.C. v. Pottsville Broad-
casting Co., 309 U.S. 134, 143 (1940) (footnote omitted) l. 
(Footnote Continued) 
from geothermal development and utiliza-
tion ~n the proposed area be in the 
interest of the county or counties 
involved in the State as a whole. 
Administrative Rules of the Department of Land and Natural 
Resources, S 13-184-6 (1984). 
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Administrative Rule § 13-184-6 substantially adopts the 
criteria for establishing a geothermal resources subzone set 
forth by the legislature in HRS § 205-5.2{b) {1985). The follow-
ing subsect~on, HRS § 205-5.2{c), states "[m]ethods for assessing 
the factors in subsection (b) shall be left to the discretion of 
the board and may be based on currently available public informa-
tion." Thus, the statutory scheme explicitly contemplates the 
Board 1 s use of its discretion in determining the appropriate 
boundaries for designation of the geothermal resource subzone. 
We hold the statute is sufficiently clear to comport with due 
process. Cf. Creative Environments, Inc. v. Estabrook, 680 F.2d 
822, 830-31 (lst Cir.) (regulation requiring subdivision plan to 
be in "best interests of the town" not unconstitutionally vague), 
cert. denied 459 U.S. 989 (1982); Dillow v. City of Peoria, 49 
Ill. 2d 314, , 274 N.E.2d 96, 97-98 (1971) (ordinance with 
purpose to protect "high ratio of home ownership" not vague); 
Maryland-National Capital Park and Planning Commission v. Mayor 
and Council of Rockville, 272 Md. 550, , 325 A.2d 748, 753-54 
(1974) (statute not permitting land use changes "substantially 
different" not vague). 
Appellants also allege the initial assessment done by 
DOWALD 1 s Manager-Chief Engineer Manbu Tagomori was based on 
unconstitutionally vague standards. Tagomori testified that the 
team evaluated the appropriate area based on "personal experi-
ence" and "best judgment." The fact that Tagomori 1 s team used 
these sources in identi:ying the appropriate area does not 
invalidate the proposal. This is precisely what the Board was 
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mandated to do. HRS § 205-5.2(c). Moreover, the statute and the 
relevant administrative rules only require use of the guidelines 
in evaluating final approval of the subzone. HRS § 205-5. 2; 
Administrative Rules of the Department of Land and Natural 
Resources, §§ 13-184-2 through 13-184-9. Designation of the 
subzone was the subject of extensive hearings by the Board in 
reviewing the various evidence put before it. There is simply no 
merit to Appellants' claim that they were denied due process. 
Appellants' contention that the Board failed to accept 
or reject certain proposed findings is also without merit. HRS 
§ 91-12 (1985) does require an agency to rule upon proposed 
findings, but "a separate ruling on each proposed finding filed 
by a party is not indispensable." In re Hawaiian Telephone Co., 
54 Haw. 663, 668, 513 P.2d 1376, 1379 (1973) (quoting In re 
Terminal Transportation, Inc., 54 Haw. 134, 139, 504 P.2d 1214, 
1217 (1972)). It requires that the parties not be left to guess, 
with respect to any material questions of fact, or to any group 
of minor matters that may have cumulative significance, the 
precise findings of the agency. Id. 
The Board accepted Appellants' proposed findings of 
fact 12 and 18, set out in the margin, 11 when it found: 
11 The proposed findings of fact read: 
12. Pele is central and indispensable to Native 
Hawaiian religious beliefs and practices. 
(Footnote Continued) 
-14-
136. Pele is believed to also be present in 
the sacred area surrounding the Kilauea Volcano in 
kinolau (alternate body forms) such as ferns, certain 
shrubs and trees, and certain volcanic land forms or 
features, such as significant pu'u (hills). 
139. There was testimony indicating that Pele 
is a spiritual concept central to the lives and psy-
chological survival of the believers, and that Pele 
provides inspiration, strength and a focus for their 
lives. . . . 
Further, the Board rejected findings 21 and 25, also set out in 
the margin, when it determined that Appellants failed to show 
sufficient burden on their religious practices. 
(Footnote Continued) 
18. Pele influences and informs the daily 
physical and spiritual life of Pele practitioners. 
It is essential to them that Pele not be violated 
and degraded, and that she be allowed to exist in 
her unaltered form and in a pristine natural 
environment. 
21. Geothermal exploration and development will 
diminish and finally destroy Pele's creative 
force. This will cause spiritual, cultural, 
psychological and sociological injury to the 
people who worship and respect Pele. 
25. Violation and desecration of the sacred body 
of the god Pele, as Pele practitioners believe 
will occur with geothermal exploration and deve-
lopment, will destroy the relationship and commu-
nication which Pele practitioners have with the 
god Pele. 
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B. Case No. 11334 
In this appeal, Appellants challenge the Board • s 
findings with respect to the economic feasibility of the develop-
ment of geothermal energy. Additionally, they argue the Board 
has failed to apply its regulations with regard to permitted uses 
for granting a conservation district use permit in a subzone p 
(Protected) area. 
Both of these contentions are without merit. The 
Board's findings of fact are presumptively correct, and cannot be 
set aside on appeal unless they are shown to be "clearly errone-
ous in view of the reliable, probative and substantial evidence 
on the whole record." Stop H-3 Ass' n v. State Department of 
Transportation, 68 Haw. , , 706 P.2d 446, 451-52 (1985) 
(quoting HRS S 91-14(g) (1976)). There was more than sufficient 
evidence before the Board to conclude development of 25 MeW of 
energy would be presently economically feasible and the island's 
energy needs would likely increase in the future. 
With regard to the subzone classification, the Board 
redesignated the KMERZ area as a geothermal resource subzone as a 
result of the previous contested case hearings. Hence, there was 
no requirement that the Board consider subzone P criteria in 
granting the conservation district use permit to Campbell. 
v. 
A claim of constitutional infringement on religious 
practice requires a burden showing significant harm. Appellants 
have not shown a burden of constitutional dimension. 
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Appellants' other assertions of error are also without 
merit. The April 9, 1985 Decision approving the geothermal 
resource subzone and the June 18, 1986 Decision granting the 
conservation district use permit are affirmed. 
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STATE OF HAWAII 
In the matter of the 
COnservation District 
Use Application of the 
CDUA NO. HA-12/20/85-1830 
ESTATE OF JAMES CAMPBELL 
Decision and Order 
Honolulu, Hawaii 
April 11, 1986 
DECISION AND ORDER 
BLNR: Kilauea MER 
-2 - April 11, 1986 
DECISION AND ORDER 
The Board of Land and Natural Resources (BLNR) hereby grants the 
Estate of James Campbell and the True/Mid-Pacific venture a COnservation 
District Use (CDU) permit: 
(a) to conduct geothermal exploratory activities to determine the 
existence of a geothermal resource capable of providing up to 100 
megawatts of electrical energy; and 
(b) to conduct actual development activities for the purpose of 
producing up to 25 Megawatts of electrical power within the Kilauea 
Middle East Rift Geothermal Resource subzone (KMER/GRS) and for purposes 
of satisfying the electrical energy requirements for the Island and 
County of Hawaii. The boundaries of the Kilauea Middle East Rift 
Geothermal Resource Subzone are delineated on the map attached hereto as 
Appendix A. 
SCOPE 
The scope of this permit is defined as follows: 
1. "Geothermal exploratory activities" are defined to include those 
activities which will allow the Applicant or its representatives to 
determine the nature, location, and extent of the KMER/GRS's geothermal 
resources and include the drilling of geothermal wells. 
(a) Applicant may drill a sufficient number of wells to produce 25 
Megawatts of electrical energy. However, exploration activities beyond 
the firm confirmation of 25 Megawatts for near term development shall be 
BLNR: Kilauea MER - 3- April 11, 1986 
for the purpose of determining generally the existence of a geothermal 
reservoir capable of providing up to 100 Megawatts of electrical energy. 
(b) To this end, the Applicant may drill sufficient additional 
number of wells beyond those needed to produce 25 Megawatts in order to 
determine whether another 75 Megawatts of electrical energy could be 
produced from lands subject to this CDU permit. 
2. Upon completion of the exploration phase in this Order and 
33 
approval of a development plan as provided in paragraph~ below, the 
Applicant shall be permitted to develop up to 25 Megawatts of electrical 
power for purposes of satisfying the electrical energy requirements for 
the Island of Hawaii. 
3. The BLNR approves the development by the Applicant of geothermal 
energy in excess of the initial 25 Megawatts (but not greater than 100 
Megawatts) under this Order only upon the condition that prior to 
initiating any such further development, the Applicant shall file 
information with the Board showing that: 
(a) it has complied with all of the terms and conditions in this 
Order; 
(b) there is a need for such additional energy production; and 
(c) the development of additional geothermal facilities can continue 
to meet and be in compliance with applicable health and safety 
requirements of applicable, Federal, State and county statutes. 
4. Any development beyond the initial 25 Megawatts may be approved 
in increments. 
paragraph j( of 
A development plan addressing the information required in 
this Order shall be submitted by the Applicant to the 
BLNR: Kilauea MER 
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DLNR for ministerial approval prior to any further development. 
5. Any proposal to explore for or develop geothermal energy in 
excess of the 100 Megawatts for whatever purpose shall require a new 
application. 
CONDITIONS 
The uses permitted by this Order are subject to the following 
conditions: 
Exploration Area 
1. Applicant shall submit for approval in accordance with Section 
13-183-55 of Chapter 183, Rules of Leasing and Drilling of Geothermal 
Resources prior to conducting exploration access or drilling activities, 
a Plan of Operations delineating its specific anticipated activities to 
implement this Order. The scope of planned exploration activity shall 
follow or be conducted in a manner consistent with the sequence described 
in the Final Supplemental Environmental Impact Statement (EIS), pp 14-15. 
2. No wells or power plants shall be sited within 3,500 feet of the 
eastern boundary of the Applicant's property line near Kaohe Homesteads 
(see Appendix A). 
3. No wells or power plants shall be sited within 3,500 feet of the 
southeastern boundary of the Applicant's property line near Upper Kaimu 
Homesteads (See Appendix A). 
4. Applicant may conduct directional drilling. 
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Corrnnencement 
5. The Plan of Operations shall be submitted within two years of the 
issuance of the final Order approving the CDU Permit. Exploration 
activities shall be commenced within two years from the date of approval 
of the Plan of Operations. PUrsuant to Section 13-2-2l(C)(l), the Board 
expressly waives the one year commencement requirement and the three-year 
requirement for completion of activities due to the complexity of 
geothermal exploration. 
Plan of aperations 
6. The Plan of Operations shall also include the following environmental 
monitoring plans and programs: 
a) Venting 
Abated venting shall be permitted only when accompanied by 
appropriate noise and chemical abatement techniques approved by 
Department of Land and Natural Resources (DLNR). Abated venting, when 
required and approved, shall be restricted as follows: 
(i) venting may occur only between the hours of 9:00 a.m. and .6:00 
p.m. exclusive of weekends and State holidays; venting shall not 
occur for more than a continuous eight-hour period. For good 
cause shown and when no reasonable alternatives exist, the DLNR 
may modify these restrictions. 
(ii) venting shall be scheduled for periods when meteorological 
conditions are conducive for minimum impact to adjacent 
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residential areas; and 
(iii) forty-eight (48) hours advance notice shall be provided to 
DLNR, the county of Hawaii, designated representatives of 
residents in adjacent communities, and the Hawaii Volcanoes 
National Park as to the scheduled venting. 
Unabated open venting of geothermal emissions is prohibited except by 
prior written permission of the DLNR or in emergency situations. 
(b) Management Plan 
Applicant shall submit to DLNR for ministerial approval, a management 
plan relative to access, parking, drainage, fire protection, safety, 
signs, lighting provisions, and changes in the landscape, for review and 
approval. 
(c) Air Quality Monitoring Program 
Applicant shall submit to DLNR for ministerial approval, an Air 
Quality Monitoring Program to be implemented when the well drilling 
period begins and shall continue through the term of the project. such 
data shall be submitted to the DLNR and the county of Hawaii on a 
quarterly basis. 
The program shall include provisions for installation, calibration, 
maintenance, and operation of recording instruments to measure air 
contaminant concentrations. 
include the following: 
The specific elements to be monitored shall 
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(i) hydrogen sulfide and sulfur dioxide; 
(ii) mercury; 
(iii) radon; and 
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(iv) other elements and emissions as may be determined by the DLNR. 
The number of stations involved in the continuous monitoring program 
shall include, but not be limited to, at least one (1) station each 
within Hawaiian Acres Subdivision, Waikahekahe Iki, the Kaohe Homesteads, 
the Upper Kaimu communities, along the Southern border of the KMER/GRS 
near area •o• as depicted on Figure 5 of the Final Supplemental EIS and 
any other locations as required by the DLNR. Rain water sampling shall 
be done within adjacent and nearby residential communities. Measurements 
shall be made of total suspended particulates. Said plan and program 
shall be modified as deemed necessary by the DLNR based on information 
derived in the initial phase or phases of the project in order to address 
activities to be undertaken subsequent to such initial phases. 
Where appropriate, u.s. EPA monitoring guidelines and protocol will 
be followed and standard u.s. EPA quality assurance documentation will be 
provided for the monitoring program. The air quality monitoring program 
shall be conducted by an independent consultant, selected by the DLNR, 
but paid for by Applicant. 
Applicant shall meet all Federal, state, and county air quality 
guidelines and regulations. Prior to the adoption of air quality 
standards by the State Department of Health, the Air QUality Advisory 
Committee Guidelines shall be binding. In summary, the proposed 
Department of Health standards are as follows: 
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(i) maximum ambient: 100 parts per billion; 
(ii) ambient - maximum incremental degradation: not more than 25 
parts per billion for l hour average once/year; 
(iii) best available control technology; and 
(iv) emissions: 8.5 lbs/hour or 150 grams/gross Megawatt hour, 
whichever is greater. 
Applicant has agreed to and the Board hereby directs that the best 
available control technology (BACT) shall be utilized for the control of 
hydrogen sulfide (H2Sl emissions through the term of the project. 
Applicant has also agreed that hydrogen sulfide emissions during all 
phases of exploration and development activities shall not exceed 
regional air quality concentration of 30 parts per billion (l hour 
average) above regional background levels at the nearest residential 
property. In the case of conflicts between standards cited above the 
most restrictive shall apply. The standards and guidelines in this Order 
shall apply at the Applicant's property line. 
(d) Meteorological Monitoring Program 
Applicant shall provide, install, calibrate, maintain, and operate a 
Meteorological Monitoring Program for continuous meteorological 
monitoring at the subzone or at other locations as may be required by the 
DLNR. The data shall be provided in a format that is acceptable to the 
DLNR, and made available to DLNR and the County of Hawaii on a monthly 
basis and shall include temperature, wind velocity, wind direction, 
precipitation, vertical air temperature, and other information deemed 
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necessary by the DLNR. 
(e) Noise Monitoring Program 
A Noise Monitoring Program to be implemented prior to the exploratory 
well drilling and testing period begins shall be submitted to DLNR for 
ministerial approval. Said plan and program shall be submitted to the 
County of Hawaii and other appropriate government agencies for review and 
comment prior to its approval. 
The Noise Monitoring Program shall include an evaluation of predicted 
noise levels for selected sites in the residential areas near the 
proposed drilling and testing operations in the KMER/GRS. The evaluation 
shall include, but is not limited to, the collection of meteorological 
data simultaneously with ambient sound level monitoring. The program 
shall simulate actual sound levels at each of the proposed well sites and 
measure noise levels at selected residential areas using calibrated noise 
sources. The noise evaluation shall be submitted to DLNR for ministerial 
approval prior to approval of permission to drill at each site. This 
plan should be designed so that any complaints about noise can be 
correlated with noise measurements, the meteorological conditions, and 
the type of operations which occurred at a well site at a particular time 
and day. The number and location of on-site and off-site monitoring 
stations shall be subject to the determination of DLNR. Mobile stations 
may be used. 
The noise level monitoring and standards shall be applied at 
receptors located in at least one (1) station each within Hawaiian Acres 
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Subdivision, Waikahekahe Iki, the Kaohe Homesteads, the Upper Kairnu 
communities, along the Southern border of the KMER/GRS near area "D" as 
depicted on Figure 5 of the Final Supplemental EIS and any other 
locations as required by the DLNR. 
The data obtained shall be available on request by the appropriate 
governmental agencies, including the county of Hawaii. The noise 
monitoring program shall be in operation during the term of the project. 
Until such time as noise regulations are adopted by the State or 
County, the Applicant or its representative shall comply with the 
following guidelines: 
(i) a general noise level of 55 dba during daytime and 45 dba at 
night shall not be exceeded at the Applicant's property line 
except as allowed under (ii). For the purposes of these 
guidelines, night is defined as the hours between 7:00 p.m. and 
7:00a.m.; 
(ii) the allowable noise levels may be exceeded by a maximum of 10 
dba for impact noise; but in no event, may this impact noise 
constitute more than 10 percent of the time within any 
20-minute period; 
(iii) the noise level guidelines shall be applied at the Applicant's 
property line; and 
(iv) sound level measurements shall be conducted using standard 
procedures with sound level meters using the "A" weighting and 
"slow" meter response, unless otherwise stated. 
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The above guidelines shall be enforced and may be administratively 
adjusted by the DLNR based on information derived in the initial phase or 
phases of the project in order to address activities to be undertaken 
subsequent to such initial phases. 
(f) Archaeological Plan 
An Archaeological reconnaisance survey for clearing operations on 
specific sites for project facilities including roads, drilling and power 
plant sites shall be submitted to DLNR for ministerial approval. Based 
upon the survey, the Applicant shall submit a plan to address methods to 
avoid archaeological sites that are determined worthy of preservation or 
removal. More specifically: 
(i) a full archaeological reconnaisance survey shall be conducted 
for any area selected to be cleared for any project operation, 
prior to the initiation of clearing operations. The survey 
shall identify and evaluate sites and features of potential 
archaeological significance present within the areas to be 
cleared. It shall be conducted in accordance with the 
standards for reconnaisance level survey recommended by the 
Society for Hawaiian Archaeology (SHA). 
(ii) the areas to be surveyed shall include the proposed access 
corridors, drill sites, power plant sites and any other areas 
to be impacted by construction activities. These areas will be 
clearly marked on-the-ground prior to any archaeological field 
work. 
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(iii) the area to be surveyed shall include an area two to five times 
larger than the actual access road corridors, drill sites, 
power plant sites, and any other development areas -- to insure 
that any archaeological resources in the immediate vicinity, 
but not actually within a specific area to be impacted will not 
be inadvertently damaged by construction activities. The 
surveyed area should insure that the full context of 
archaeological remains within the specific impact areas will be 
determined (e.g., the full significance of a seemingly isolated 
structure cannot be accurately determined if it is part of a 
larger, but unidentified, complex of structures). 
(iv) an archaeological research design to guide all future 
archaeological work within the project area will be 
formulated. A research design will be a plan for conducting an 
archaeological investigation. 
(g) Clearing 
Prior to the commencement of any grubbing, grading or clearing 
activities, the Applicant or its representative shall: 
(i) provide a metes and bounds description of proposed well sites, 
the power plant sites, and access roads to the DLNR for 
approval; 
(ii) mark the boundaries of the well sites, power plant sites, and 
access roads such that no construction or transportation 
equipment shall be permitted beyond such boundaries; 
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(iii) receive approval on archaeological biological 
reconnaissance surveys for specific sites or facilities; and, 
(iv) comply with all requirements of Chapter 10, Erosion and 
Sedimentation Control, Hawaii county Code, as amended. 
(h) Biological Survey 
The Applicant or its representative shall submit to DLNR for 
ministerial approval, a biological survey, monitoring and assessment 
program. The program shall address the following: 
(i) biological reconnaissance surveys to be conducted for those 
areas to be impacted by exploration and development activities, 
including those areas altered by any clearing for drill sites, 
future power plant sites, access roads and utility or 
transmission corridors. Such surveys shall be conducted in 
conjunction with preliminary land surveying activities and 
shall be submitted to the DLNR for review and approval and to 
the county of Hawaii and other appropriate government agencies 
for review and comment prior to approval of commencement of 
construction activity. 
(ii) Applicant shall establish baseline biological data for the 
contiguous area two to five times larger than the area to be 
cleared. 
(iii) monitor the spread of exotic plants into the project area along 
roads and clearings and the implementation of appropriate 
control methods approved by the DLNR. 
BLNR: Kilauea MER -14- April 11, 1986 
Suitable areas within the subject property shall be identified and 
designated, by mutual agreement of the Applicant and the DLNR, as 
botanical sanctuaries, 
(i) Lighting 
Lights on the drilling rig and physical components and lights 
required during operations at the drilling site shall be shielded and of 
the lowest intensity as is consistent with worker safety, security, and 
efficient operations. In any event, all activities and facilities shall 
meet the requirements of Chapter 14, Article 9, outdoor Lighting, of the 
Hawaii County Code, as amended. 
(j) Drilling Report 
Applicant shall submit a status report to DLNR and the County of 
Hawaii on a semiannual basis, or within 30 days whichever occurs first, 
of the completion of any exploratory well. The status report shall 
include, but is not limited to: 
(i) a detailed description of the work undertaken during the 
current reporting period, including well test data, exploration 
results and drilling logs; 
(ii) well history report, well summary report and a supplementary 
notice; 
(iii) a log of the complaints received and the responses; 
(iv) a description of the work being proposed over the next 
reporting period; and 
(v) any other information that DLNR may require which will address 
environmental and regulatory concerns involving the 
requirements of the CDU permit, 
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(k) Emergency Plan 
Applicant shall submit and obtain approval from the Hawaii county 
Civil Defense Agency and the DLNR of a plan of action to deal with 
emergency situations such as volcanic activities, earthquake, fires and 
well bore ruptures, and blowouts which may threaten the health, safety, 
and welfare of the employees and other persons in the vicinity of the 
proposed project. The plan shall include procedures to facilitate 
coordination with appropriate State and county officials and the 
evacuation of affected individuals. 
Reforestation 
7. All denuded areas on and around completed or abandoned drilling sites 
shall be reforested in a manner acceptable and approved by the DLNR. In 
the case of total abandonment of the project, Applicant shall restore all 
denuded areas, including the access road and secondary field roads in a 
manner acceptable and approved by the DLNR. 
Water 
8. The Applicant or its developer shall conduct water analyses before 
and periodically during drilling of the first well in each development 
area. Samples and analysis of catchment water in Kaohe Homesteads and 
Upper Kaimu Homesteads shall be conducted by a licensed water quality 
testing laboratory and results provided to the State Department of Health 
and the County of Hawaii as well as DLNR within 15 days after samples are 
analyzed. 
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Disposal 
9. A disposal site or sites, approved by the DLNR and state Department 
of Health, shall be provided for sump contents and other waste materials 
to be disposed of from the drilling activity. 
Debris 
10. On-site burning of debris material is prohibited unless expressly 
authorized in writing by the DLNR and all applicable State and County 
agencies. 
Ponds 
11. All sump/ponds shall be purged in a manner meeting with the approval 
of the DLNR and State Department of Health. 
Aesthetics 
12. In the design and construction of all physical components, Applicant 
shall propose measures to minimize aesthetic and scenic impact and to 
preserve the natural beauty of the area. such measures shall, but is not 
limited to, orientation of buildings, when feasible, with the narrow 
dimension towards any view corridor from which large numbers of the 
public would be able to observe the facility, paint to blend with the 
background for the facility, and the use of nonreflective, light 
absorbent material and textures. Applicant shall be subject to the 
county building code. Prior to commencement of any construction or 
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improvements, the Applicant shall submit four (4) copies of each of the 
final locations, maps, plans, and specifications to the Chairperson for 
approval pursuant to DLNR rule 13-2-2l(a)(7). 
Road Fill 
13. All cut and fill materials for road construction shall be derived 
from the project site. No imported materials shall be allowed unless 
prior written approval by the DLNR is obtained. 
Clearing Approval 
14. All clearing for construction proposes shall require prior 
ministerial approval by the DLNR. Ground cover of slopes over 40% shall 
not be removed unless specifically authorized by the DLNR. 
Traffic 
15. Heavy truck traffic into the project site shall be restricted to 
daylight hours except for emergencies and unusual operational 
conditions. All access roads shall be maintained in good condition by 
the Applicant including roads over other private property. 
Litter 
16. All litter shall be collected and disposed of daily. 
Blasting 
17. No blasting operations shall be allowed without the prior written 
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approval of the DLNR. 
Production Report 
18. Applicant shall submit to the DLNR on or before the last working day 
of the month a report on the amount of geothermal resources produced, 
sold, and used, and the amount of fluid injected for that month as the 
case may be. 
aperation Record 
19. Applicant or its representative shall maintain a record in a 
permanent form which is suitable for inspection and shall make such 
record available on request to the DLNR, the State Department of Health, 
and the county of Hawaii and any such authorized Federal, State, or 
County officials as they may designate. The record shall include, but is 
not limited to: 
(a) occurrence and duration of any start-up, 
operation mode of any well/facility; 
shut-down, and 
(b) performance testing, evaluation, calibration checks,and 
adjustments and maintenance of the continuous emission monitors 
that have been installed; and 
(c) emission measurements reported in units compatible with 
applicable standards and guidelines. 
Inspection 
20. Applicant shall grant unrestricted access, subject to safety measures 
normal and necessary during operations, to authorized governmental 
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representatives, including the County of Hawaii, or to consultant and 
contractors hired by governmental agencies for inspection, enforcement, 
or monitoring activities. 
Information and Complaints 
21. (a) Applicant shall designate an individual and an alternate who are 
to be readily available at all times and who has authority to act on 
behalf of the Applicant for the purposes of supplying information and 
responses deemed necessary by the authorized governmental representative 
who is involved with such activities. 
(b) Applicant shall publish a telephone number staffed 24 hours a 
day for receiving noise, odor, or other complaints and shall have an 
employee available at the project site, 24 hours a day, to respond to 
such complaints. Applicant shall keep a log of all complaints received 
and their responses to be submitted to the DLNR quarterly. 
Indemnification 
22. (a) Applicant, its successors or assigns, shall indemnify and hold 
the State of Hawaii harmless from and against any loss, liability, claim 
or demand for property damage, personal injury and death arising out of 
any act or omission of the Applicant, its successors, assigns, officers, 
employees, contractors, and agents under this Order and permit or 
relating or connected with the granting of this permit. 
(b) Applicant shall protect, indemnify, defend and hold the State of 
Hawaii harmless against loss, damages, claims and liens of every kind and 
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' 
character (including but not limited to Workmen's Compensation claims and 
claims of third parties) which may be occasioned by Applicant's use or 
occupation of the Land or any portion thereof or any easement for ingress 
or egress thereto or by reason of the operations or working of Applicant, 
its employees, agents or independent contractors upon the Land, or any 
easement for ingress or egress thereto, including injuries to persons or 
loss of life or damage to property or nuisance and including, but not 
limited to, any pollution or flooding of the surface or subsurface waters 
or any pollution of the air, with said indemnification to apply 
irrespective of whether claims allege the cause to be sudden or gradual. 
Insurance 
23. Furthermore, Applicant will at its own expense effect and maintain at 
all times term insurance coverage for automobile liability, professional 
liability and comprehensive general liability for all risks with respect 
to the subject land under policies naming the State of Hawaii as an 
additional insured by an insurance company authorized to do business in 
Hawaii, such insurance being for injury to one or more persons in any one 
accident or occurrence and for property damage, respectively, with 
minimum limits of $5 million or such higher limits as is consistent with 
prudent business practice prevailing from time to time and with the risks 
involved in the geothermal industry, and will from time to time deposit 
with the DLNR current certificates of such insurance and upon request 
therefor true copies of such insurance policies. such insurance policies 
that are to be provided by Applicant shall contain a clause stating such 
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policies are primary and non-contributing with any other insurance that 
may be in force on behalf of the State of Hawaii, which shall not be 
construed to prevent Applicant from carrying excess coverage. 
Pollution 
24. Pollution of the ocean and tidelands, rivers, or other bodies of 
water, and all impairment of and interference with bathing, fishing, or 
navigation in the waters of the ocean or any bay or inlet thereof is 
prohibited, and no brine, minerals, or any refuse of any kind from any 
well or works shall be permitted to be deposited on or pass into waters 
of the ocean, any bay or inlet thereof, rivers, lakes, or other bodies of 
water, without specific written State authorization. 
Health Hazard 
25. No substances which may be produced from any well drilled upon the 
lands shall be blown, flowed, or allowed to escape into the open air or 
on the ground in such a manner as to create a health hazard, which shall 
specifically include but not be limited to noise, air or other pollution, 
and other activities which disturb the occupier's or his tenant's use of 
the lands. Subject to the foregoing, the Applicant may bleed substances 
into the atmosphere so long as such operations are lawfully and prudently 
conducted in accordance with good geothermal drilling and exploratory 
testing practices and are not otherwise in violation of the law. 
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compliance with land laws 
26. The Applicant shall comply with all valid requirements of all 
municipal, state, and federal laws and regulations pertaining to the 
lands and Applicant's operations, which are now in force or which may 
hereafter be in force, including, but not limited to, all water and air 
pollution control laws, and those relating to the environment. The state 
of Hawaii, acting in its governmental capacity, may regulate the 
drilling, location, spacing, testing, completion, production, operation, 
maintenance, and abandonment of a well or wells or similar activity as 
well as the construction, operation, and maintenance of any other 
facilities in the exercise of its police powers to protect the public 
health, welfare, and safety as provided in the regulations. 
Fines 
27. Any violation of any particular condition and each occurrence thereof 
shall be subject to a fine as provided by law. The DLNR shall have 
authority at all times to close, shut down, terminate, modify, or 
otherwise impose limitations on any well or any geothermal activity for 
violations which may endanger public health or safety. The Applicant and 
its agents, assigns, and successors in interest shall be liable for each 
and every administrative cost incurred by any and all state and county 
agencies or personnel which may be required for the investigation and 
enforcement of violations. 
Monitoring Costs 
28. All monitoring program costs shall be borne by Applicant. The 
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Department shall reserve the right to approve consultants for such 
programs. 
Compliance with laws 
29. Applicant shall comply with all Federal, State and County laws, 
statutes, regulations and ordinances listed in Appendix •a• that may 
apply. 
Continuing jurisdictions 
30. The Board shall exercise continuing jurisdiction over all exploratory 
and development activities authorized by this Order. 
Best Available Control Technology 
31. Applicant shall at all times apply the "Best Available Control 
Technology• (BACT) with respect to geothermal emissions and noise 
abatements during all phases of the project, including well drilling, 
testing, and power plant operation. "Best Available Control Technology• 
means the maximum degree of control for noise and air quality concerns, 
taking into account what is known to be practical but not necessarily in 
use. BACT shall be determined by DLNR in consultation with appropriate 
State, County, and Federal agencies involved in the control or regulation 
of geothermal development. 
Soil and Water Conservation 
31. Use of the area shall conform with the program of the appropriate 
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soil and water conservation district or plan approved by and on file with 
the DLNR. 
Sanitation 
32. When provided or required, potable water supply and sanitation 
facilities shall have the approval of the DLNR, State Department of 
Health and the county of Hawaii. 
Development Plan 
33. (a) Prior to any development, the Applicant or its representative 
shall submit a complete development plan describing all proposed surface 
and structural improvements for the proposed activities to the DLNR for 
review and approval and the county of Hawaii and other appropriate 
government agencies for review and comments prior to its approval by the 
DLNR. 
(b) A development plan shall include, but not limited to: 
o well and power plant site locations 
o additional access corridors 
o pipeline corridors 
o electrical transmission line corridors 
o conceptual construction plans 
o description of abatement systems 
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Commencement of Development 
34. Development of an electrical generation facility shall commence 
within five years after completing a successful exploration phase of up 
to 25 Megawatts. 
Dated: Honolulu, Hawaii, April 11, 1986. 
IT IS SO ORDERED. 
SUSUMU ONO 
Chairperson and Member, 
Board of Land and Natural 
Resources 
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Board Member 
~a..//~ .. d-
ROLAND H. HIGASHI 
Board Member 
MOSES KEALOHA 
Board Member 
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APPENDIX "B" 
( TABLE OF FEDERAL AND STATE LAWS 
( 
(_ 
I. FEDERAL LAWS 
A. Statutes 
1. Toxic Substance Control Act, 15 USC 2061, et. 
seq. 
2. National Parks Organic Act, 16 usc 1, et. seq. 
3. Enabling Act Volcanoes National Park, 16 usc 
391, et. seq. 
4. Fish and Wildlife Coordination Act, 16 usc 661, 
et. seq. 
5. Wilderness Act, 16 USC 1131, et. seq. 
6. Marine Protection, Research and Sanctuaries 
Act, 16 USC 1431, et. seq. 
7. Endangered Species Act, 16 USC 1531, et. seq. 
8. Public Utilities Regulatory Policy Act, 16 USC 
2061, et. seq. 
9. Geothermal Steam Act, 30 USC 1001, et. seq. 
10. Geothermal Energy Research and Development Act, 
30 usc 1101, et. seq. 
11. Federal Water Pollution Control Act, 33 USC 
1251, et. seq. 
12. Safe Drinking Water Act, 42 USC 300 f., et. seq. 
( 
( 
l 
13. 
14. 
15. 
National Environmental Policy Act, 42 USC 4321, 
~.-q. 
Noise Control Act, 42 USC 4901, et. seq. 
Federal Non-nuclear Energy Research and 
Development Act, 42 USC 5901, et. seq. 
16. Resources and Conservation and Recovery Act, 42 
USC 6901, et. seq. 
17. Clean Air Act, 42 USC 7401, et. seq. 
18. Historic Preservation Act 
19. Coastal Zone Management Act 
20. Flood Plain Management Act 
21. Rivers and Harbors Act 
22. Geothermal Loan Guarantee Act 
23. National Energy Act 
24. Geothermal Energy Act of 1980 
B. Federal Regulations (CFR) 
1. Prevention of Significant Deterioration 
Regulations, 40 CFR 52.21. 
II. STATE LAWS 
A. Hawaii Revised Statutes (H.R.S.) 
1. Ground-water Use, HRS Chapter 177-19 
2. Wells, HRS Chapter 178-5 
3. Soil And Water Conservation Districts, HRS 
Chapter 180 
( 
( 
4. Government Mineral Rights, HRS Chapter 182 
a. HRS Chapter 182-2 
b. HRS Chapter 182-6 
5. Forest and W'ater Reserve Zones, HRS Chapter 
183-41 
6. Natural Area Reserves System, HRS Chapter 195 
7. Conservation of Wildlife and Plants, HRS 
Chapter l95D 
8. Energy Resources, HRS Chapter 196 
9. Land Use Commission, HRS Chapter 205 
a. HRS Chapter 205-2 
b. HRS Chapter 205-5 
10. Coastal Zone Management Act, HRS Chapter 205A 
11. Hawaii State Planning Act, HRS Chapter 226 
12. Public Utilities Commission: Establishment 
geothermal energy rates, HRS Chapter 269-27.1, 
and 27.2 
13. Safe Drinking !'later, HRS Chapter 340E-2 
14. Environmental Quality Commission and 
Environmental Impact Statements, HRS Chapter 343 
a. HRS Chapter 343-5 (a) (2) (A) 
b. HRS Chpater 343-5 (c) 
B. Administration Rules, Board of Land and Natural 
~ Resources 
c 
1. Conservation Districts, Title 13, Chapter 2 
a. Section 13-2-1, Chapter 2 
b. Section 13-2-21, Chapter 2 
2. Rules of Practice and Procedure, Title 13, 
Chapter 1 
3. Rules on Leasing and Drilling of Geothermal 
Resources, Title 13, Chapter 183 
III, COUNTY 
Chapter 15, Hawaii County Ordinance. 
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Comes now VOLCANO COMMUNITY ASSOCIATION, ET. AL., by and 
through its attorneys, KENNETH KUPCHAK and I>ENDELL TNG, and 
hereby presents its Proposed Findings Of Fact. 
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A. CURRENT BIG ISLAND NEED FOR GEOTHERMAL 
l. That the current need for additional base-load energy on 
the Big Island by the year 1991 is about Ll megawatts, all or 
part of which could be from geothermal. See Testimony of Alva 
Nakamura, Tr., Vol. IV, p. 104, 110] 
2. Actual need of HELCO for additional base-load energy by 
the year 1991 J.S closer to 8.5 megawatts, but 13 megawatts is the 
smallest amount that is economically feasible. See oral 
testimony of Alva Nakamura, Tr., Vol. IV, p. 119] 
3. There are no planned re!irement schedules for any of 
HELCO's oil fired plants. [See oral testimony of Alva Nakamura, 
Tr., Vol. IV, p. 111] 
4. Federal PURPA laws require that HELCO purchase power 
from all alternate energy sources, such as wind or biomass, 
unless such purchase causes problems within their operational 
grid. [See oral testimony of Alva Nakamura, Tr., Vol. IV, p. 
11 'J 1 
S. The energy needs of the Big Island could be fulfilled 
through the combination of biomass, hydroelectric power, and wind 
power, without any geothermal power. [See oral testimony of Alva 
Nakamura, Tr., vol. IV, p. 132-33 j 
6. That lower Puna reservoirs within the Kamaili and 
Kapoho subzones appear to have the potential to produce 150 to 
500 megawatt centuries or more of geothermal power. [See 
Furumoto oral testimony on 12/16/84, and Furumoto written 
testimony, VCA Ex. 12, 51 & 52 at Kahauale'a geothermal subzone 
hearing, GS 8/27 /84-1] 
2 
B. SCOPE OF SUBZONE ASSESSMENT PROCESS 
7. DOWALD did not establish any particular megawatt 
scenario of Big Island needs for its subzone assessment process, 
other than establishing a 25 megawatt scenario for the social and 
economic impact studies. [See oral testimony of Manabu Tagamori, 
Tr., Vol. I, p. 77) 
8. Bay Yee would consider there to be much larger effects 
or impacts from more full scale geothermal development such as 
250 megawatts. [See oral testimony of Bay Yee, Tr., Vol. I, p. 
123-4). 
9. DOWALD did not assess or consider potential impact of 
geothermal upon invertebrates. The Puna Biotic Assessment by Dr. 
Charles Lamoureux did not investigate impact on invertebrates. 
[See oral testimony of Dr. Lamoureux, Tr., Vol. VI, p. 107; also 
oral testimony of Mae Mull, Tt., Vol. V, pp. 77-83) 
10. DOWALD did not mention any assessment or consideration 
of potential impact of geothermal upon either the unique 
"successional mosiac", the lava tube ecosystem or the 
Neogeoaeolian ecosystem in the MER, although DOWALD was 
previously aware of the existence of those from a February 12, 
1985 meeting between Dean Nakano, Sherrie Samuels, and Joe 
Kubacki of DOWALD, Frederick Warshauer, and Jim Brock: 
"On February 12, 1985 ••• data was presented 
relating to the assessment of the Kilauea 
Middle East Rift Zone as a potential 
geothermal resource subzone ••• Mr. Warshauer 
presented information to the group concerning 
existing types of vegetation contained within 
the Wao Kele '0 Puna Natural Area Reserve and 
the Puna Forest Reserve. The following 
data and concerns were expressed by Mr. 
Warshauer: 
3 
Most vegetation north of the Kilauea Middle 
East rift is over 250 years old and is uniform 
in age and growth. 
Vegetation south of and along the rift zone 
is highly variable, young in age, and exhibits 
evolution or succession of growth. 
Successionary type vegetation 
Neo-Geo-Eolian and lava tube 
more importatnt than native 
forests. 
[and 1 the 
ecosystems, are 
closed canopy 
ALthough pristine native forests, such as 
those found in Kahauale'a, are important 
habitats for the Adenophorus periens fern and 
the O'u bird, it is of equal or greater 
value to preserve areas exhibiting early 
stages of vegetative growth to study the 
natural chain of succession of native and 
exotic plants. 
The. [''successional mosaic''] ecosystem 
is limited to the southern portion of the 
Kilauea Middle East Rift Zone, in that, 
vegetation composition varies with elevation 
and climate (i.e. wet vs. moist environment). 
Open canopy or shrublonds that are native 
dominated are equally important. as Category 1, 
closed c<J.nopy, exceptional native forest. 
Only a portion of the NARS area should be 
exchanged for Kahauale'a lands. The area 
south of the rift axis within the 90% 
probability line should be retained and 
protected by keeping the area designated as 
~ARS. The area north of the rift axis 
including the Puna forest Reserve should be 
fully considered as part of the exchange." 
[See State Exhibit 7, Memo from Dean Nakano, 
2/12/851 
11. That in-depth surveys of the MER should have been done 
to make extensive collections of the insect fauna, prior to any 
subzone designation process. No such ~urvey has been done in the 
~IER area to date, due to lack of resources. [See oral testimony 
of Dr. Ken Kaneshiro, Tr., Vol. II, pp. 32-131 
C. SOCIAL IMPACT 
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12. Mr. Tagamori admitted DOWALD did not utilize anyone 
with a formal sociological background or sociological training in 
assessing the potential social impacts. [Tr., Vol. 4, pg. 19] 
13. Mr. Bay Yee, who was primarily responsible for the 
social impact assessment of all the subzones, admitted that they 
did not utilize anyone with formal sociological background or 
training in assessing the potential social impacts of the various 
subzones: Question: "Mr .. Yee, was there anyone who was a 
trained sociologist working on the social impacts study." 
Answer: "No." [See oral testi many of Bay Yee, Tr., Vol. I, p. 
13 2] 
14. A scenario of only up to 25 megawatts was considered by 
DOWALD in assessing social impacts for the subzone designation 
process. See oral testimony· of Manabu Tagomori, Tr., Vol. IV, p. 
46 I 
15. Mr. Chuck of DOWALD told Bay Yee to only consider a 
scenario of 20 to 30 megawatts for assessing social impacts for 
the subzone designation process. 
Yee, Tr. , Vol. l, p. 124 J 
l See oral testimony of Bay 
16. Bay Yee would consider there to be much larger effects 
or impacts from more full scale geothermal development such as 
250 megawatts. 
123-4]. 
[See oral testimony of Bay Yee, Tr., Vol. l, p. 
17. No literature was reviewed regarding potential impacts 
of Large scale geothermal development such as 250 to 500 
megawatts. [See oral testimony of Bay Yee, Tr., Vol. I, p. 124] 
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D. SIZE AND CONFIGURATION OF SUBZONE 
18. That according to an analysis and proposal by Thermal 
Power in February 1981, a previous potential developer of the 
Kilauea Middle East Rift area ["MER"], only 6500 acres were 
needed for geothermal exploration in the MER. 
Thermal Power Co. to Susumu Ono, STATE Ex. 6] 
[See Letter, 
19. That according to that analysis and proposal by Thermal 
Power in February 1981, only 80% of the foregoing 6500 acres, or 
5200 acres, were probably needed for geothermal development. 
[See Letter, Thermal Power Co. to Susumu Ono, STATE Ex. 6] 
20. Therefore, conversely, .the area proabably needed for 
exploration according to Thermal Power Co.'s estimate was 125% 
of the area needed of development [6500 acres for exploration 
divided by 5200 acres for development equals 1.25] 
21. That only 1727 acres are probably needed for development 
of about 150 megawatts in the MER [ 11.5 acres per megawatt] 
according to reservoir engineer Gerald Niimi. [See oral 
testimony of Gerald Niimi, Tr., Vol. VI, p. 95] 
22. That only 1250 acres are probably needed to develop 110 
megawatts in the MER [ 11.4 acres per megawatt]. [See oral 
testimony of Gerald Niimi, Tr., Vol. Vl, pp. 8lla-9U; p. 94-95]. 
23. Based on Thermal Power's estimate of 125% of the 
development area is probably needed for the exploration phase, 
Lhen, referring to the acreages which Campbell's witness Niimi 
said were necessary for development in the ~\ER (See Findings #20 
& 21 above) 2156 acres would be needed for exploration for 150 
megawatts; 1'>81 acres would be needed tor exploration for 110 
megawatts. Other extrapolations of acreage needed for various 
6 
scenarios are set forth in the table below: 
Scale De ve lo pmen t Area Needed Exploration Area Needed 
13 Mw 150 acres 187 acres 
25 Mw 288 acres 360 acres 
110 Mw 1265 acres 1581 acres 
150 Mw 172 5 acres 2156 acres 
250 Mw 287 5 acres 3594 acres 
24. That reservoir engineer Niimi considered that 30% of 
the proposed MER subzone could be ''left alone'' because those 
areas contained some particular biological value, and he 
indicated those areas included the southwest corner, the 
southeast corner, areas up at th~ the northwest, and the area 
around Heiheiahulu. See oral testimony of Niimi, Tr., Vol. VI, 
pp. 90-91] 
25. That a northwestern portion of the proposed Middle East 
Rift subzone contains a portion of essential habitat for the 
endangered native bird, the O'u. [See Testimony of Dr. Sheila 
Conant, VCA Ex. 10, p. 2; Tr., Vol. II, p. 45] 
26. That a southwest portion of the proposed Middle East 
Rift Subzone, the "mosaic community", is inappropriate for 
geothermal development at this time, as described by Dr. Ken 
Kaneshiro in VCA Exhibit 21] 
27. That a southwest portion of the proposed Middle East 
Rift Subzone, the ''mosaic community'', is a sensitive area that 
should be avoided, as described by James Jacobi. [See Tr., Vol. 
IV, pp. 242-43 and Warshauer Exhibit 2] 
28. For preserve design, large contiguous blocks are far 
better than equal areas make up of smaller segments because of 
considerations for minimizing "edge effect", dispersal needs of 
succession, and reducing the dispersal of exotics from outside. 
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[See oral test. of Warshauer, Tr., Vol. VI, pp. 76-77] 
E. BIRDS 
29. There are populations of birds in the proposed MER 
subzone or the Natural Area Reserve that may have developed 
genetic resistance to diseases associated with mosquitoes, 
because those bird populations are living right alongside the 
mosquitoes. Such bird populations are worth protecting to assist 
in spreading the genetic potential for resistence to these 
diseases to other parts of the bird population. [See oral testi-
mony of Dr. Sheila Conant, Tr., Vol. II, pp. 45-46] 
30. Dr. Sheila Conant believes that although the O'u is 
rare, that this bird has a chance of surviving, if it and its 
habitat area are protected. [See oral testimony of Dr. Sheila 
Conant, Tr., Vol. II, pp. 49-50] 
31. Bird populations need large areas of habitat to be 
protected, because they are mobile and get their resources from a 
larger area. If you break up habitats into small pieces, species 
tend to be lost or to become locally extinct. [See oral 
testimony of Dr. Sheila Conant, Tr., Vol. II, p. 46] 
F. BIOLOGY 
32. That the southwestern portion of the proposed Middle 
East Rift subzone contains a "mosaic" of different forest types 
which is exceptionally valuable for scientific research, 
including but not limited to evolutionary biology and genetic 
research. [See oral testimony of Dr. Ken Kaneshiro, Tr. , Vol. 
II, pp. 11-12, 15, 19, 22-24, 34-35; also Biological Summary in 
Puna by James Jacobi, VCA Ex. 7, p. 17] 
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JJ. This "mosaic area" should be maintained in a Natural 
Area Reserve status, and in a "P" subzone, conservation district 
status. [See oral testimony of Dr. Ken Kaneshiro, Tr., Vol. l I, 
pp. 22-23] 
34. That the mosaic area of the Kilauea East Rift Zone is a 
special ecosystem unique to that geographic area. l See writ ten 
testimony of Frederick Warshauer, Warshauer Ex. I, pp. 1-2; see 
ulso oral testimony of Dr. Ken Kaneshiro, Tr., Vol. II, p. 24; 
also Biological Summary in Puna by James Jacobi, VCA Ex. 7, p. 
17 I 
35. The Natural Area Reserve Commission requested that as 
much as possible of the rift zone portion of the Wao Kele 0 Puna 
Natural Area Reserve be .retained as a natural area reserve 
status. [See orill testimony of Dr. Ken Kaneshiro, Tr., Vol. II, 
p. 2 3 
36. That Mr. Tagamori of DOWALD admitted that DOWALD'S 
consideration of geothermal impacts did not include an analysis 
of the "explosive speciation" in the southwestern portion of the 
proposed ~lEI~ as discussed by Dr. Ken Kaneshiro. [See Tr., 
37. The "mosaic area" of the Kilauea Rift Zone is unique 
and very special because of the kind of "explosive speciation" in 
the area. [Oral Testimony of Dr. Ken Kaneshiro, Tr., Vol. 2, p. 
20 j. 
38. One would expect to find more opportunities for finding 
organisms l1aving potential economic and medical use, as a result 
of concentrated genetic variety and change in the "mosaic area". 
[Oral Testimony ot Dr. Ken Kanesh1ro, Tr., Vol. 2, p. 20] 
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39. That due to lack of resources, the mosaic area has 
yet to be explored for useful genetic material, and if that 
purtion of the MER were retained as a Natural Area Reserve, this 
area would be available for genetic exploration when funds become 
available. [See oraL testimony of Dr. Ken Kaneshiro, Tr., Vol. 
1!, pp. 32-331 
40. Regarding genetic research, there is a high probability 
of finding some unique drosophila species in the "mosaic" area of 
Wao Kele '() Puna. [See oral testimony of Dr. Ken Kaneshiro, Tr., 
Vol. [l, p. 34] 
41. That the northeastern paction of the proposed Middle 
East rift subzone is adjacent to residential and agricultural 
:;,onPd lands. See oral testimony of Kirkendalls, Siracusa., 
Avery and Perreira, Tr., Vol. V, p. 85-117] 
42. Along and south of the East Rift Zone of windward 
Kilauea L jes a unique assemblage of wet and moist forest types 
that has a biological richness and dynamism far greater than the 
more uniform forests on geologically older substrates surrounding 
it. This assemblage is found only on a portion of these wetter 
windward slopes of Kilauea. [See Testimony of Frederick 
Warshauer, p. 
43. The surface of Kilauea is geologically very young and 
varied due to frequent eruptive activity. This geology of 
Kil<1uea plus the abundant rainfall on the East Rift of Kilauea 
have fostered the development of a "mosaic" landscape composed of 
patches (kipuka) of differentially developed vegetation. This is 
a unique ecosystem. [See written testimony of Frederick 
Warshauer, Warshauer Ex. 1, pp. 1-3; also written testimony of 
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James Jacobi, VCA Ex. 5, p. 2 and VCA Ex. 7, p. 17] 
44. The unique dynamics of this 11 mosaic" area in the 
Middle East Rift Zone lead to conditions of high biological 
diversity, high genetic diversity, rapidly developing vegetation 
and frequent isolating of plant and arthropod communities, which 
C3 uses 11 exp losi ve s peciat ion 11 • [See oral testimony of Dr. Ken 
Kaneshiro, Tr., Vol. II, pp. 11-12, 15, 19-20,22-24, 34-35]; 
also Biological Summary in Puna by James Jacobi, VCA Ex. 7, p. 
17; also written testimony of Frederick Warshauer, Warshauer Ex. 
1, pp. 1-2] 
45. The "mosaic" region is particularly susceptible to man-
tnduced disturbances that may occur from geothermal exploration 
and development; the greater the area and scope of geothermal 
exploration and development, the greater the impacts on the biota 
will be. [Sec written testimony of James Jacobi, VCA Ex. 5, p. 
2; also written testimony of Frederick Warshauer, Warshauer Ex. 
1, p. 5, 7-8] 
46. DOWALD did not assess or consider potential impact of 
geothermal upon invertebrates. The Puna Biotic Assessment by Dr. 
Charles Lamoureux did not investigate impact on invertebrates. 
l See oraL testimony of Dr. Lamoureux, Tr., Vol. VI, p. 107; also 
oral testimony of Mae Mull, Tr., Vol. V, pp. 77-83] 
47. Dr. Kaneshiro stated that there are undiscovered 
species of insects in the "mosaic" area within the proposed MER 
subzone. [See oral testimony of Dr. Kaneshiro, Tr., Vol. Il, pp. 
12, 15, 19-20, 45] 
48. Two additional ecosystems are found in the Kilauea 
1 1 
Middle East Rift Zone, both of which are dominated by arthropods, 
rather than by photosynthesizing plants, and which are dependent 
upon the adjacent plant-dominated ecosystem for its energy 
source. These are the lava tube ecosystem and the neogeoaeolian 
ecosystems. [See written testimony of Frederick Warshauer, 
Warshauer Ex. 1, pp. 4-5; Memo from Dean Nakano of DOWALD dated 
2/1/85, State Ex. 7] 
49. The subterranean lava tube ecosystem exists within the 
surface or near surface pahoehoe flows that have developed an 
ohia forest upon them. Highly s~ecialized insects and spiders 
live in the dark and damp lava tubes and associated cracks, 
living off ohia roots and other insects cohabiting the dark 
zone. Th1s ecosystem can exist only as long as contact with 
Living ohia roots is maintained and lhe tubes and fissures remain 
open, cool, dark and damp. [See written testimony of Frederick 
Warshauer, Warshauer Ex. 1, pp. 4-5] 
50. The other ecosystem, the NeogeoReolian ecosystem, 
occurs on recent, barren or very sparsely vegetated lava flow 
surfaces, and depends upon an aerial drift of arthropods from 
adjoining vegetated flows and kipuka to provide the energy 
source. In addition to eating each other, the crickets and 
spiders which dominate the system scavenge upon waif arthropods 
that drift or fly across the flow and are killed or marooned by 
the harsh surface conditions. This ecosystem is transitory and 
is dependent upon a periodic renewal of fresh lava surfaces to 
colonize, as natural forest succession ameliorates the harsh 
surface conditions and thus diminishes the scavengeable waif food 
supply (energy source). [See written testimony of Frederick 
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W a r s ha ue r , Warshaul'r Ex. 1, p. 4-5; see also Memo irom Uean 
Nakano of DOWALD dated 2/1/85, State Ex. 7] 
51. The heterogeneity of habitats in the "successional 
mosaic'' ecosystem acts as partial protection from invasion by 
some foreign organisms by means of the relative isolation of some 
kipuka, foreign organisms that are limited to some degree of 
successional development do not have a continuous pathway of 
dispersal throughout that specific habitat due to its patchy 
occurrence. On the other hand, man-made disturbances like roads, 
boundary survey lines, pipelines, powerlines and trails act as 
conduits of dispersal for some introduced species. [See written 
Leslimony of Frederick Warshauer, Warshauer Ex. 1, p. 8J 
'JL. Thl' bl'sl strategies Lo minimize the affecls of 
disturbance and foreign organisms to a natural preserve include: 
(l) preventing man-induced physical disturbance to the native 
communiltes in Lhe preserve; (2) minimizing di.sturbance near thl' 
preserve; (3) maximizing the geographic area and breadth of 
environmental gradients included in the preserve; (4) 
incorporating as many types of contiguous preservation units as 
possible (eg. National Park, Natural Area Reserve, Wildlife 
Refuge, P- and L- Subzones of conservation-zoned land) into a 
Larger, collective preserve; (5) being true to the purposes of 
preservation in future land use and management decisions; (6) 
managing to mini.mize the incursion of foreign organisms and 
activities in preserve areas. [See written testimony of 
Frederick Warshauer, Warshauer Ex. 1, p. 8] 
SJ. ln its present configuration, the WAO KELE 0 PUNA 
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NATURAL AREA RESERVE (NAR) serves to protect a portion of the 
WKSE. This portion is linked to that portion protected by HVNP 
by the Kahauale'a parcel, and is supplemented by the portions of 
the WKSE occurring on adjacent agriculture-zoned land. In this 
configuration the NAR is enhanced by the other components, and it 
contributes important environmental breadth as well as geographic 
area to what has been, by default, a larger natural preserve. 
The NAR also has a nothern arm outside the "successional mosaic" 
ecosystem that protects an example of more uniform forest in a 
region Lc•ss ::;ubjecL to frequent Lava flow inundati.on, an 
important com par is on with the 11 successional mosaic" ecosystem. 
[See written testimony of Frederick Warshauer, Warshauer Ex. l, 
p. 9 I 
54. This NAR was established to preserve for future 
generations th1s particularly fine state-owned example of the 
biota and geologic features representative of the Kilauea east 
flank. ln doing so, it not only includes valuable middle and low 
elevation portions of the "successional mosaic" ecosystem, it 
also has afforded it with the highest degree of administrative 
protection for a natural preserve that exists in Hawaii. The 
Natural Area Reserve System legislation is an excellent 
expression of and mechanism for the need to preserve for future 
generations examples of Hawaii's unique and wonderful natural 
heritage. [See written testimony of Frederick Warshauer, 
Warshauer Ex. l, p. 9] 
55. The proposed MER subzone fails to meet the test of an 
ucceptable balance and compatibility of geothermal development 
with its current "P" or "protective" conservation land use 
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classification. [See oral testimony of Mae Mull, Tr., Vol V, p. 
7" I 
G. BUFFER ZONES 
56. That where residences are located should have a buffer 
zone of al Least from one mile from potential geothermal 
de ve lo pmen t. 
and Avery] 
[See oral testimony of Kirkendalls, Ho, Siracusa 
57. That the 2,000 foot buffer zone established to separate 
geotheraml subzones from Hawaii Volcanoes National Park was to 
conform with the "zone of influeilce" concept, for the purpose of 
avoiding draWing fluids from under Hawaii Volcanoes National 
·Park, to protect the National Park boundary. [See oral te~timony 
of 1'1an~bu Tagamori, Tr. Vol. IV, pp. 24-25, 37-38] 
If. CONCLUSIONS OF LAW 
l. The burden of proof in this casP lies with DOWALD. 
2. DOWAL!J has not met its burdPn of proof regarding the size or 
configuration of the proposed MER subzone. 
3. The proposed MER subzone, which lies within a "P" or 
11 Protective" conservation district land use classificationt 
fails to meet the test of an acceptable balance and compatibility 
l>f geothermaL rtevclopmenl witl1 the requireme11ts of Act 296, wl1erc 
the area in question is within a conservation district. 
4. The portion of the proposed MER subzone which falls 
within the Wao Kele '0 Puna Natural Area Reserve fails to meet 
the tesl of an acceptabtc balance and compatibility of geothermal 
dc>vPlopmenl with the statutory purposes of Natural Area Reserve 
Legislation and the requirements of Act 296 regarding social 
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and environmental impacts. 
5. The portion of the proposed MER subzone which falls 
within the Wao Kele '0 Puna Natural Area Reserve fails to meet 
the test of an acceptable balance and compatibility of geothermal 
development with the statutory purposes of Natural Area Reserve 
legislation and the requirements of Act 296 regarding 
compatibility of geothermal development and potential related 
industries with present uses of surrounding land and those uses 
permitted under the general pland or land use policies of the 
county in which the urea is located. 
6. The porlio11 of the proposed MIJ\ subzone which La.lls within 
the Wao Kele '0 Puna Natural Area ReservP fails to meet the test 
of an acceptable balance and compatibility of geothermal 
developmerrt with the statutory purposes of Natural Area Reserve 
lL'gistal ion <Jnd the requ.i.rcmc·nts o( AcL 296 regarding pl'rmitted 
land uses of the county compatibility of geothermal development 
and potential related industries with the uses permitted under 
sect ions ll:l34l and 205-2, where the area falls within a 
conservation district. 
7. That DOWALD has not demonstrated a need for a geothermal 
resource subzone in the MER area to fulfi]_l the current needs of 
the Big Island for alternative energy production. S uf fici en t 
geothermal production is possible from the subzones which already 
exist in lower Puna, in the Kamaili and Kapoho subzones to meet 
the "known or Lckely prospects for utilization of geothermal 
resources" as required by Title 13-184-6(2), Administrative Rules 
of the DLNR and Act 296, SLH 1983. 
H. That without assuming a particular megawatt scenario, 
1 6 
for example a 20 megawatt scenario or a 250 megawatt scenario, 
that it was impossible for DuWALD to addequately assess factors 
li1 [potent ion for production]; #2 [prospects for utilization]; #3 
[geologic hazards]; #4 [environmental impacts]; #5 [compatibilitv 
of geothermal and potential related industries with uses of 
surrounding land and county land use policies]; and #7 
[compatibility of geothermal with conservation district] listed 
in Act 29b. 
9. Tt.at the pro>isions in the DLNR Ad!llinistrative Rules, 
Title 13, providing that the Boa-rd of Land and Natural Resources 
shall make its decision with respect to geothermal subzone 
designations by demonstrating "an acceptable balance" among the 
applicable decision making criteria, and the provisions of Act 
No. 2'!6, SI.H 1983, l:j2U5(b) and (c), fail to provide any 
meaningful standards for administrative decision making and 
constitutes a violation of our clients' right to appeal, equal 
protection of the laws, and to procedural due process as 
guaranteed by the fourteenth Amendment to the United States 
Constitution and Article I, Section 5 of the Constitution of the 
SLate of Hawaii. 
10. That the lack of meaningful standards for the Board of 
Land and Natural Resources decsion-making wi.th respect to the 
designation of this MER subzone denies our clients the 
opportunity to prepare their case to adequately address the real 
basis for llLNI< dr•cision-making, and denies therc•by our clients' 
procedural due process and the equal protection of the laws as 
guaranteed by the Constitution of the United States and the State 
17 
of Hawaii. 
11. That further proceedings in the above-captioned case 
should be suspended until the BLNR has promulgatc'd administrative 
rules pursuant to Act 296, SHL 1983 which incorporate meaningful 
standards for decision-making in the designation of geothermal 
subzones. 
12. Alternatively, should a subzone be established in 
the M~N. only 1250 acres are probably needed for development of 
110 megawatts in the MER, or about 1580 acres for exploration for 
150 megawatts in the MER. 
Respectfully submitted, 
Attorneys for VCA, et. al. 
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This proceeding was brough~ pursuant to Act 296, SLH 1983, 
and Act 151, .SLH 1984, Chapter 91, Hawaii Revised Statutes (HRS), 
and Title 13, Chapter 2, Department of Land and Natural Resources 
(hereinafter "DLNR") Rules of Practice and Procedure, to consider 
a proposal presented by DLNR, Division of Water and Land 
Development (hereinafter "DOWALD"), that the land area in the 
Kilauea Middle East Rift Zone between the western boundary of the 
Kamaili geothermal resource subzone and the eastern boundary of 
The Estate of James Campbell's lands at Kahaualea, Hawaii, be 
designated as a geothermal resource subzone. The contested case 
proceeding was conducted by the Board of Land and Natural 
Resources (hereinafter "BLNR") on November 13, 1985, November 14, 
1985, and November 15, 1985. The BLNR, having heard the evidence 
and argument presented in this matter and having duly considered 
the records in this proceeding as well as the records in the 
proceedings of In the Matter of the Conservation District Use 
Application of the Estate of James Campbell, CDUA 
No. HA-3/2/82-1463, and of In the Matter of the Designation of 
Kahauale'a, Puna, Hawaii, as a Geothermal Resource Subzone, GS 
No. 8/27/84, and the proposed findings of fact and conclusions of 
law, hereby makes the following findings of fact and conclusions 
of law. 
FINDINGS OF FACT 
Background 
l. On December 28, 1984, the BLNR approved the designation 
of approximately 800 acres of surface area as a geothermal 
resource subzone upon the occurrence of certain events and 
conditions. The BLNR directed DOWALD to undertake and conduct an 
assessment of the Kilauea Middle East Rift Zone in and adjacent to 
the Natural Area Reserve beginning on the western boundary of the 
Kamaili geothermal resource subzone as a potential geothermal 
resource subzone. Although this area had not previously been 
evaluated due to its classification as a Natural Area Reserve, the 
BLNR now believes that the area should be reviewed. (State 
Exhibit l; Direct Testimony of Manabu Tagamori, pp. l, 5-7.) 
2. DLNR held two public informational meetings on 
designating the proposed geothermal resource subzone on the island 
of Hawaii. The meetings were held at Keaau, Hawaii, on March 13, 
1985, and at Pahoa, Hawaii, on May 15, 1985. (State Exhibit 1, 
pp. 7-8.) 
3. On September 26, 1985, a public hearing was held at the 
Pahoa Neighborhood Center, Pahoa, Hawaii, to receive testimony on 
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the Kilauea Middle East Rift Zone as a geothermal resource 
subzone. (State Exhibit 1, p. 8.) 
4. On September 26, 1985, Karl and Melissa Kirkendall, the 
Sierra Club, John Perreira, Fay Oishi, Palikapu Dedman and Emmet 
Aluli, Mae Evelyn Mull, and Frederick Warhauser requested that a 
contested case hearing be held. (Transcript of Pahoa Public 
Hearing of 9/26/85.) 
5. On October 25, 1985, the BLNR formally approved a 
proposal for the Kahaualea land, identified as Tax Map 
Keys: 1-1-0l:portion 01 and 1-2-08:01, at Kahaualea, Puna, 
Hawaii, consisting of 25,461.311 acres to be acquired by the State 
of Hawaii through an exchange with the Estate of James Campbell 
for State land in Puna Hawaii, identified as Tax Map 
Keys: 1-2-10:1, 2, and 3, consisting of 27,644.166 acres, 
pursuant to the Decision and Order of December 28, 1984. The 
designation of this area as a Natural Area Reserve will take 
effect upon the consummation of the land exchange, including 
legislative consideration of the exchange. (State Exhibit 1, 
p. 7; Letter dated 10/25/85 from James Detor to BLNR.) 
6. On October 25, 1985, the BLNR approved the cancellation 
of the Governor's Executive Order No. 3103, covering the land 
described as Wao Kele 0 Puna Natural Area Reserve and identified 
as Tax Map Key: 1-2-10:03 at Puna, Hawaii, pursuant to the 
Decision and Order of December 28, 1984. The cancellation of the 
Natural Area Reserve designation will take effect upon the 
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consummation of the land exchange, including legislative 
consideration of the exchange. (State Exhibit l, p. 7; Letter 
dated 10/25/85 from James Detor to BLNR.) 
Potential of the area for the exploration, 
discovery, or production of geothermal resource. 
7. The DLNR established a Geothermal Resources Technical 
Committee to assist DOWALD in its state-wide, county-by-county 
assessment of areas with potential geothermal resources. The 
committee consisted of persons with technical expertise in 
geothermal resources in Hawaii. (State Exhibit 2, p. 3; State 
Exhibit 6, pp. 1-2, Appendix C, G.S. No. 8/27/84-1.) 
8. It was the consensus of the Technical Committee that 
current technology requires a geothermal resource to have a 
temperature greater than 125°C at a depth of less than three 
kilometers if it is to be feasible for the production of 
electrical energy. (State Exhibit 2, p. 3; State Exhibit 6, 
p. xii, 5, Appendix B, G.S. No. 8/27/84-1; State Exhibit 1, p. 10; 
Direct Written Testimony of Donald Thomas for Kilauea Middle East 
Rift GRS; Kilauea Middle East Rift hearing transcript, hereafter 
"KMER Tr.," V. I, pp. 38-40, 139.) 
9. The Technical Committee's assessment of potential 
geothermal resource areas was based on a qualitative 
interpretation of regional surveys which used various types of 
data. These included groundwater temperature, geologic age, 
geochemistry, resistivity, infrared, seismic, magnetics, gravity, 
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self-potential, and exploratory drilling. (State Exhibit 2, p. 3; 
State Exhibit 6, pp. 3-5, G.S. No. 8/27/84-1.) 
10. One of the conclusions of the Technical Committee is 
that no single geothermal exploration technique except exploratory 
drilling can positively identify the existence of a subsurface 
geothermal resource. (State Exhibit 2, p. 4.) 
11. The Technical Committee used probability ranges, 
expressed in percentages, to describe potential geothermal 
resources. (State Exhibit 2, p. 3; State Exhibit 6, G.S. 
No. 8/27/84-1.) 
12. The presence of a geothermal resource along the entire 
Kilauea Middle East Rift Zone is indicated by currently available 
geotechnical data. Evaluation of data indicated that the 
probability for finding a high temperature geothermal resource, as 
defined by the Technical Committee, on the entire Kilauea rift 
zone is greater than 90%. Evaluation further suggested a greater 
than 90% probability along the currently visible surface 
expression of the rift zone with a gradual decline in probability 
out to the extent of an aeromagnetic anomaly. The aeromagnetic 
anomaly associated with the rift zone indicates temperatures in 
excess of 500°C present at shallow depths. (State Exhibit 2, 
p. 3; State Exhibit 6, G.S. No. 8/27/84-1.) 
13. Additional considerations relating to the Kilauea Middle 
East Rift Zone were brought out following the completion of the 
Technical Committee's state-wide, county-by-county assessment. 
-5-
These are that temperatures greater than 500°C may be present at 
depths of two to three kilometers out towards the limits of the 
25% probability line and the suggestion that the rift zone has 
migrated in a southerly direction to its present active location 
and is much broader in the northward direction than its present 
surface expression. (State Exhibit 2, p. 4.) 
14. The delineation of potential geothermal resources is 
expressed as mapped 90% and 25% probability contour lines. The 
area of potential high temperature resource is denoted within the 
90% probability lines. Areas between the 90% and 25% probability 
lines represent decreasing probability, or a gradation, of finding 
a high temperature resource. (State Exhibit 2, pp. 4-5; State 
Exhibit 4; State Exhibit 6, G.S. No. 8/27/84-1.) 
15. The proposed Kilauea Middle East Rift geothermal 
resource subzone centers on an area with a 90% probability for 
finding a geothermal resource. (State Exhibit 2, p. 5; State 
Exhibit 11, p. 10; State Exhibit 4.) 
16. The southerly subzone boundary closely follows the 90% 
probability line. The northerly subzone boundary extends beyond 
the 90% probability line but is still within the 25% probability 
line. DOWALD determined that the proposed northerly boundary is a 
reasonable distance north of the rift zone to provide areas that 
are less susceptible to geologic hazards, particularly lava flows, 
than areas to the south of the rift zone. (State Exhibit 1, 
pp. 19-20; KMER Tr., V. IV, pp. 166-168.) 
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17. The proposed subzone encompasses an area with a high 
probability for finding a geothermal resource. (State Exhibit 4.) 
Prospect for utilization of geothermal resources for 
electrical energy production and distribution. 
18. Existing State law defines geothermal development 
activities as the exploration, development, or production of 
electrical energy from geothermal resources. HRS §205-S.l(a). 
Geothermal development generally follows exploration and 
confirmation of a commercially usable geothermal resource. 
Exploration should most logical~y occur in areas where there is a 
high probability for finding a geothermal resource. (State 
Exhibit 6, G.S. No. 8/27/84-1.) 
19. The Hawaii Electric Light Company (hereinafter "HELCO") 
has a goal of becoming independent of oil-fired generators. About 
60% of the electricity produced on the island of Hawaii is 
generated from fossil fuels such as industrial and diesel fuel 
oils. However, due to the uncertainties of the price and supply 
of fuel oil, HELCO is seeking to ultimately meet system demands 
solely from energy sources such as geothermal, hydroelectric, 
biomass, wind, solar, and OTEC. Oil-fired generators would be 
used for emergencies. (Nakamura, Applicant's Exhibit 9, p. 2, 
CDUA No. HA 3/2/82-1463; KMER Tr., V. IV, pp. 109-114.) 
20. By 1991, HELCO could conceivably need an additional 
26 MW of electrical power. (KMER Tr., V. IV, p. 121.) 
21. HELCO would need in excess of 100 MW of power in 1990 if 
it were to replace or shut down all of the oil-fired units within 
its system. (KMER Tr., V. IV, p. 127.) 
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22. Geothermal is considered by HELCO to be the most 
reliable of the various energy sources that could be used as an 
alternative to fossil fuels. (KMER Tr., V. IV, pp. 113-114.) 
Potential geologic hazards to geothermal production 
or use. 
23. Geology is not an exact science. (Volcano Community 
Association, hereinafter "VCA," Exhibit 218, p. 3, CDUA 
No. 3/2/82-1463; Written Testimony of Robert Decker.) 
24. Although past history of geologically hazardous events 
could give some idea of future events, it is difficult or 
impossible to accurately predict the future occurrence of geologi~ 
hazards with any degree of scientific certainty. (State 
Exhibit 12, p. 18, G.S. No. 8/27/84-1.) 
25. The volcanic activity which provides the source of 
geothermal heat may also create a hazard to people and property. 
(State Exhibit 12, p. vii, G.S. No. 8/27/84-1.) 
26. Kilauea Volcano's East Rift Zone is a zone of intense 
volcanic activity and is marked by a series of eruptive vents, 
fault scarps, and prehistoric and historic cinder cones, all of 
which are surficial features indicative of volcanic activity. The 
zone varies in width from two to four miles. (Environmental 
Impact Statement, hereinafter "EIS," from CDUA No. HA 3/2/82-1463, 
pp. 3-7, D-4, D-5, Fig. 71.) 
27. Some portions of the proposed subzone lack any soil and 
are characterized as barren lava flows. (State Exhibit 4.) 
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28. The hydrology is unique in the Kilauea East Rift Zone, 
the hydrology is unique. The geothermal reservoir's thermal and 
permeability properties allow fluids to rise near the surface and 
to be mixed very rapidly through the geothermal system. In 
addition, as the result of vertical diking and fracturing that run 
east and west, there is high permeability in vertical and 
east-west directions; this causes damming or redirection of 
groundwater flow. A high head of water exists north of the rift 
zone, whereas to the south of the rift zone, the groundwaters are 
at or near sea level. (Tr., V. II, pp. 348-49, CDUA 
No. HA 3/2/82-1463.) 
29. The primary hazard along the rift zone consists pf 
eruptions and lava flows, pyroclastic fallout, earthquakes, and 
sudden ground movement associated with faulting. (EIS, CDUA 
No. HA 3/2/82-1463, pp. 5-31.) 
30. Geothermal development investors bearing the economic 
risk of loss resulting from geologic hazards have a clear economic 
incentive to utilize appropriate mitigation measures and to select 
sites which offer the optimum balance of safety and productivity. 
The State in the conservation district or counties in the urban, 
rural, or agriculture districts may impose conditions to be met by 
the developers to clarify the applicant's risks of loss. (State 
Exhibit 12, G.S. No. 8/27/84-1, pp. 8, 9.) 
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Hazards from eruptions and lava flows. 
31. Kilauea's East Rift zone has been volcanically active up 
to the present time. The entire East Rift Zone has a substantial 
risk of lava flow burial in areas close to the axis of the rift. 
(State Exhibit 12, G.S. No. 8/27/84-1, pp. 19-20, 28-30, 32.) 
32. Since 1750 there have been more than 20 eruptions within 
the Kilauea East Rift Zone. (State Exhibit 12, G.S. 
No. 8/27/84-1, p. 19.) 
33. The southern portion of the rift zone is more prone to 
be covered by lava flows than the northern portion. (State 
Exhibit 12, pp. 29-30.) 
34. Most of the proposed subzone has not been covered by 
lava flows for at least 350-500 years. (VCA Exhibit 215, Holcomb 
Map, CDUA No. HA 3/2/82-1463.) 
35. Several construction techniques are available which may 
mitigate the damage caused by lava flows. These include strategic 
siting, diversion berms and barriers, enclosed well cellars, 
evacuation planning, use of "bridge plugs," and decentralization 
of power plants to lessen the chance of one lava flow damaging a 
large capacity plant. A thorough evaluation of these mitigation 
alternatives can be provided prior to decisions on future 
geothermal development permits. (State Exhibit 12, G.S. 
No. 8/27/84-1, pp. 5, 12.) 
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Hazards from pyroclastic fallout. 
36. The weight and depth of fallout can be appreciable as 
far as even 500 or 1,000 meters away from an eruptive vent or 
fissure. Large fragments tend to fall close to the vent, building 
cones that may be tens of meters high. Smaller particles can form 
a long, narrow, blanket many feet thick downwind of the vent. 
(State Exhibit 12, G.S. No. 8/27/84-1, p. 2.} 
37. In 1959 a blanket of pyroclastic fallout from Kilauea 
Iki vent in Kilauea's upper east rift zone extended approximately 
3,000 meters south of the rift.· (State Exhibit 12, G.S. 
No. 8/27/84-~, p. 21.} 
38. Prevailing easterly trade winds are likely to carry 
fallout originating within the rift zone away from the Kilauea 
Middle East Rift Zone in a westerly direction. (State Exhibit 2, 
Fig. 2-3.} 
39. Protecting structures or machinery against damage by 
pyroclastic fallout might be achieved by enclosing those parts 
vulnerable to abrasion or contamination. Building roofs should 
have a sufficient pitch so that pyroclastic fallout does not 
accumulate. (State Exhibit 12, G.S. No. 8/27/84-1, p. 7.} 
Hazards from earthquakes. 
40. Most earthquakes in Hawaii are volcanic, resulting from 
near-surface magma movements. They are small in magnitude and 
usually cause little direct damage. 
No. 8/27/84-1, p. 4.} 
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(State Exhibit 12, G.S. 
41. Earthquakes with magnitudes above 6 have occurred in the 
saddle area between Mauna Loa and Kilauea, the largest being of 
magnitude 6.7 in November 1983. (State Exhibit 12, G.S. 
No. 8/27/84-1, p. 27.) 
42. The largest recent earthquake had a magnitude of 7.2 and 
occurred in 1975 about 5 kilometers southwest of Kalapana. (State 
Exhibit 12, G.S. No. 8/27/84-1, p. 18.) 
43. Geothermal power plants should be constructed to 
withstand an earthquake of 7.5 magnitude. (State Exhibit 12, G.S. 
No. 8/27/84-1, p. 8.) 
Hazards from ground cracking and subsidence. 
44. Cracking and subsidence related to magma movements are 
concentrated in the volcanic rift zones which are clearly defined 
and are narrow features along the entire Kilauea East Rift Zone. 
(State Exhibit 12, , G.S. No. 8/27/84-1, pp. 3, 22, 35.) 
45. Ground subsidence has historically been limited to the 
rift zone itself or to areas south of rift zone. (EIS p. D-11; 
Applicant's Exhibit 2, pp. 13, 15; CDUA No. HA 3/2/82-1463.) 
46. Intrusion of magma at Kilauea, sometimes leading to 
eruptions, often produces offsets of the ground to great depths 
along the rifts of the volcano. Such offsets do not necessarily 
occur on vertical surfaces, and the potential for offsetting 
geothermal well bores drilled in these periodically active areas 
exist. If cased well bores are cut at depth, then pathways to the 
surface could be opened through which gasses from a deep 
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geothermal system might escape. (VCA, Exhibit 7, G.S. 
No. 8/27/84-1.) 
47. Most cracks are vertically pitched making it unlikely, 
but possible, that a vertical crack would intercept a vertical 
well bore. (State Exhibit 12, G.S. No. 8/27/84-1, pp. 3, 4.) 
48. Hazards from ground cracking and subsidence have been 
mitigated to an extent by locating the proposed Kilauea Middle 
East Rift geothermal resource subzone north of the rift zone 
axis. (State Exhibit 1, pp. 11, 19-20.) 
-
Social and Environmental Impacts. 
49. The social impact analysis of the geothermal resource 
area along the Kilauea Middle East Rift Zone considers people's 
perceptions, attitudes, and concerns regarding geothermal resource 
development activities. (State Exhibit 2, p. 7.) 
50. The analysis was based on currently available public 
information concerning health, noise, lifestyle, culture, 
community setting, aesthetics, and community input. (State 
Exhibit 2, p. 7.) 
51. New residents associated with geothermal development may 
be a small part of lifestyle, culture, and community changes 
already evident in the Puna area. (State Exhibit 2, p. 12.) 
52. Prehistoric cultural activities and features have been 
reported in the area adjacent to the proposed geothermal subzone. 
(State Exhibit 2, p. 12.) 
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53. Subsequent permitting processes exist for the analysis 
of and the avoidance or mitigation of potential impacts from 
geothermal developments. (State Exhibit 5.) 
54. The proposed geothermal resources subzone is currently 
little used as an economic entity as there are few residents and 
economic activities in the proposed subzone. (Kirkendall 
Exhibit 1-4; State Exhibit 4.) 
55. In its present state, it provides open space to the 
residents of adjacent residential and agricultural subdivisions. 
(Kirkendall Exhibit 1-4; State Exhibit 4.) 
56. Elements of major social concerns and impacts could be 
minimized and maintenance of a quality environment could be 
achieved by proper siting, landscaping, aesthetic facility design, 
and careful controls and monitoring. (State Exhibit 8, G.S. 
No. 8/27/84-1, p. 17.) 
57. There are practitioners of Hawaiian religion who worship 
the goddess Pele. (State Exhibit 2, p. 12; KMER Tr., V. V, 
pp. 122-124, Aluli/Dedman Exhibits 1 and 2.) 
58. These practitioners believe that geothermal development 
is harmful to Pele and their religious practices. (Aluli/Dedman 
Exhibits 1 and 2; KMER Tr., V. V, pp. 119-167; KMER Tr., V. VI, 
pp. 4-36.) 
59. Writings indicate that early Hawaiians used geothermal 
energy in the form of steam from fissures for cooking and/or 
worship. (State Exhibit 2, p. 13.) 
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60. Factors associated with geothermal development which 
have a possible effect on the environment include air emissions, 
liquid effluent, noise, visual aesthetics, and physical 
disturbance during construction. (State Exhibit 2, p. 19.) 
61. Regarding possible harm from air emissions, the State 
Department of Health has and will continue to set standards 
necessary to protect the public health. (State Exhibit 2, p. 19.) 
62. Hydrogen sulfide is a gas which affects the membranes of 
the eye and respiratory tract. (State Exhibit 2, p. 23.) 
63. Available information on the long term effects of 
hydrogen sulfide exposure has revealed no evidence of health 
impairments at levels even above the air quality standards 
established in California. (State Exhibit 2, p. 25.) 
64. The flora of the Kilauea Middle East Rift Zone was 
assessed using a forest categorization system based on United 
States Fish and Wildlife Service vegetation type mapping which 
incorporates information on the extent of canopy cover, height of 
canopy, understory composition, and vegetation association type. 
(State Exhibit 2, Fig. 7; State Exhibit 13.) 
65. Disruption of native forest ecosystems is a potential 
environmental impact from the development of geothermal energy. 
(State Exhibit 3, p. 116.) 
66. Specific information on development proposals is 
necessary to accurately predict impacts on native forest 
ecosystems. (KMER Tr., v. IV, p. 218; State Exhibit 3, p. 116.) 
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67. Impact to native forest ecosystems can be minimized by 
employing certain mitigating measures. Through the careful siting 
of facilities, access roads, and pipe and powerline corridors, 
damage to biologically valuable forest could be avoided. (State 
Exhibit 3, p. 116.) 
68. Endangered birds, including the O'u, I'o, and Nene have 
been sighted on the middle east flank. (State Exhibit 1, p. 17.) 
69. The lower elevation boundary for the O'u essential 
habitat has been set at 2,000 feet. (State Exhibit 2, G.S. 
No. 9/26/85-5, p. 17.) 
70. Only a small portion of the proposed geothermal resource 
subzone is above 2,000 feet elevation and, therefore, ihe proposed 
geothermal subzone should not impact on the survival of the O'u. 
(State Exhibit 1, p. 17; KMER Tr., V. II, pp. 48-50, 65-71.) 
71. The I'o has been seen in a wide range of ecosystems 
other than the proposed geothermal resource subzone. (State 
Exhib1t 2, p. 17.) 
72. Nene are not known to nest in the proposed geothermal 
resource subzone. (State Exhibit 2, p. 17.) 
Compatibility of geothermal development and potential 
related industries with present uses of surrounding land and 
those uses permitted under the general plan or land use 
policies of the county in which the area is located. 
73. The great majority of the land within the proposed 
Kilauea Middle East Rift geothermal resource subzone is designated 
conservation by the State Land Use Commission. (State 
Exhibit 2, p. 17.) 
74. A small part of the proposed subzone in the extreme 
eastern and southeastern areas is within the state land use 
agricultural district. (Exhibit 2, p.l7.) 
75. Act 296, SLH 1983, as amended by Act 151 1984, allows 
the designation of geothermal resource subzones within urban, 
rural, agricultural, and conservation state land use districts 
established under §205-2, HRS. (State Exhibit 2, p. 17.) 
76. As to the land within the proposed subzone which is 
classified agriculture and therefore under the jurisdiction of the 
County, the County of Hawaii has permitted the drilling of 
geothermal wells in lands zoned agricultural near the HGP-A 
geothermal facility. (State Exhibit 2, p. 18.) 
77. With regard to the lands designated agricultural, the 
County will assess the propriety of specific geothermal 
development proposals in its permitting process. 
Exhibit 2, p. 18; County of Hawaii Exhibit 1.) 
(State 
78. For conservation lands, the BLNR will further assess 
compatibility during proceedings for a conservation district use 
permit. (State Exhibit 2, p. 18.) 
79. Monitoring, observing, and measuring natural resources 
are permitted uses in the protective subzone. 
(Section 13-2-11 (c) (6), "Administrative Rules of the Department o.E 
Land and Natural Resources, State of Hawaii, Providing for Land 
Use Within the Conservation District, Providing for Subzones, 
Uses, Appeals, Enforcement and Penalty, Pursuant to 
Chapter 183-41, Hawaii Revised Statutes, As Amended.) 
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Potential Benefits to be derived from geothermal 
development and utilization. 
80. The County of Hawaii General Plan is the County's 
official policy for the long-range comprehensive physical 
development of the island of Hawaii. (County Exhibit 1; County 
Exhibit 2.) 
81. The current County General Plan was initially adopted as 
Ordinance No. 439 on December 15, 1971. (County Exhibit 2.) 
82. Amendments to the General Plan ordinance based on a 
revision and up-date program wece made in 1979 and 1980. (County 
Exhibit 2, Revisions insert.) 
83. These amendments included the addition of an Energy 
Element to the General Plan document. This addition was based on 
the recognition of the County's vulnerability to dislocations in 
the global petroleum market, its dependence on imported fossil 
fuels, and the potential of the island's natural energy 
resources. (County Exhibit 2, Revisions insert, pp. 7-11.) 
84. The Energy Element of the General Plan sets forth two 
goals. One is to strive towards energy self-sufficiency for the 
County and the other is to establish the island as a demonstration 
community for the development and use of natural energy 
resources. (County Exhibit 2, Revisions insert, p. 11.) 
85. The Energy Element also contains policies for the County 
to pursue towards attaining the goals for this element. These 
include, among others, encouraging the development of alternative 
energy resources, encouraging the expansion of the energy research 
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industry, and ensuring a proper balance between the development of 
alternative energy resources and the preservation of environmental 
fitness. (County Exhibit 2, Revisions insert, p. 11.) 
86. The Economic Element of the General Plan sets forth 
goals for the County which state that the County's economic system 
should provide residents with opportunities to improve their 
quality of life, that economic development and improvement should 
be accomplished in an orderly manner which is in balance with the 
physical and social environments of the island, and that the 
County should strive for stability in its economic system. 
(County Exhibit 2, p 11.) 
87. Policies to pursue in oraer to strive towards the goals 
of the Economic Element include, among others, striving for an 
economic climate which provides residents of the County an 
opportunity for choice of occupations; encouraging the expansion 
of the research and development industry by working with and 
supporting the university and other agencies' programs developed 
to aid the County; requiring a study of the total social and 
physical impact of large developments prior to their approval; and 
striving for diversification of the County's economy by 
strengthening existing industries and attracting new endeavors. 
Another policy is that the County's land, water, air, sea, and 
people shall be considered as essential economic resources for 
present and future generations and should be protected and 
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enhanced through the use of economic incentives. 
Exhibit 2.) 
(County 
88. The Natural Resources and Shorelines Element of the 
General Plan defines natural resources as those physical facts in 
our environment which are recognized as useful, valuable, and 
desirable in our lives. They are basically land, water, and air 
and include flora and fauna, soils, geologic features, and the 
shoreline. (County Exhibit 2, p. 45.) 
89. The goals of the Natural Resources element call for the 
protection and conservation of natural resources from undue 
exploitation, encroachment and damage as well as for providing 
opportunities for the public to fulfill recreational and 
educational needs without despoiling or endangering natural 
resources. Policies to implement these goals include the County 
requiring that users of natural resources conduct their activities 
in a manner that avoids or minimizes adverse effects on the 
environment, and the County coordinating programs to protect 
natural resources with other government agencies. (County 
Exhibit 2, p. 44.) 
90. In the County planning process, the General Plan 
provides overall long-range general policies for development. The 
various goals, policies and standards of all the General Plan 
elements need to be reviewed and addressed in reviewing proposals 
and projects. The goals and policies are also further refined and 
become more specific through middle and short-range plans and 
-20-
through implementing tools, such as land development codes and 
capital improvement projects. 
insert, pp. 2-7.) 
(County Exhibit 2, Revisions 
91. At the General Plan level, applicable goals and policies 
support the exploration and development of geothermal resources in 
a manner which does not unduly despoil, damage, or endanger the 
island's natural resources. 
92. The County recognizes the potential benefits it may 
derive from the development of geothermal resources and has 
supported such development as being consistent with its General 
Plan. (State Exhibit 6, County Testimony at Public Hearing.) 
93. The County further recognizes that subsequent to the 
designation of a geothermal resource subzone specific development 
proposals will be formulated and available for intensive review 
and analysis prior to their approval. Such specific proposals are 
analyzed relative to all General Plan elements as well as other 
appropriate County plans and policies, including social, 
environmental and fiscal impacts. With a specific proposal, 
economic benefits and costs, impacts upon infrastructure, and 
other factors can be predicted. (County Exhibit 1; County 
Exhibit 2; County Recommendations in Support of Designation of 
Kahaualea, Puna, Hawaii, as a Geothermal Resource Subzone.) 
CONCLUSIONS OF LAW 
Based upon the foregoing and upon Chapter 91, HRS, 
Sections 205-5.1 and 205-5.2, HRS, as amended, and Title 13, 
Chapter 2, DLNR Rules, the BLNR concludes: 
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1. That the area of the proposed geothermal subzone 
demonstrates an acceptable balance among the following factors: 
a. The area's potential for the production of geothermal 
energy. 
b. The prospects for the utilization of geothermal energy in 
the area. 
c. The geologic hazards that potential geothermal projects 
would encounter. 
d. Social and environmental impacts. 
e. The compatibility of geothermal development and potential 
related industries with present uses of surrounding land 
and those uses permitted under the general plan or land 
use policies of the County in which the area is located. 
f. The potential economic benefits to be derived from 
geothermal development and potential related industries. 
g. The compatibility of geothermal development and potential 
related industries with the uses permitted under 
Sections 183-41 and 205-2 for the area of the proposed 
subzone which falls within a conservation district. HRS 
§§205.2(b)l-7. 
2. For the area of the proposed subzone which is in a 
conservation district, designation as a geothermal resource 
subzone is appropriate and will not be detrimental to the 
conservation of necessary forest growth, the conservation of water 
resources adequate for present and future needs, and the 
conservation and preservation of open space for public use and 
enjoyment. §l83-4l(c) (3), HRS. 
3. For the area of the proposed geothermal resource subzone 
which falls within the state land use conservation use district, 
designation as a subzone is not incompatible with or detrimental 
to a multiple use conservation concept. §205-2, HRS; §13-2-11, 
DLNR Rules. 
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4. Public hearings conducted by the BLNR were held pursuant 
to proper notice in accordance with HRS §205-5.2(d) (1) and 
§13-184-8, DLNR Rules. 
5. Parties who initiated the contested case proceeding by 
request have, pursuant to §91-10, HRS, the burden of proof and 
have failed to discharge this burden of proof on all issues raised 
in this proceeding. 
6. Intervenors Aluli and Dedman have failed to show that the 
designation of the subject area as a geothermal resource subzone 
-
would interfere with the religious practices and those who worship 
the goddess Pele. 
7. That in evaluating the designation of the area as a 
geothermal resource subzone, the BLNR found an acceptable balance 
of the following criteria: 
a. That the area has known or plausible potential for the 
exploration, discovery, or production of geothermal 
resource. 
b. That there is a known or likely prospect for the 
utilization of geothermal resources for electrical energy 
production and distribution. 
c. That any potential geologic hazards to geothermal 
production or use in the proposed area (are) (have been) 
examined. 
d. That any environmental or social impacts of the 
development of geothermal resources within the proposed 
area (be) (have been) considered. 
e. That the compatibility of development and utilization of 
geothermal resources within the proposed area (has 
been) (is) considered with other allowed uses within the 
area and within the surrounding lands. 
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f. That the potential benefits to be derived from geothermal 
development and utilization in the proposed area (be) (is) 
in the interest of the county involved and the State as a 
whole. §§13-184-6(1)-(6), BLNR Rules. 
ORDER 
Accordingly, the BLNR hereby designates as a geothermal 
resource subzone the area presented in the proposal by DOWALD in 
State's Exhibit 4. 
Dated: Hilo, Hawaii, December 4, 1985. 
COUNTY OF HAWAII 
By :&tn(Q G -c:K . 0 '\ c::dP 
PATRICIA K. O'TOOLE ~ 
Deputy Corporation Counsel 
Its Attorney 
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/ 
The Division of Water and Land Development, having been assigned the 
task, and in accordance with the provisions of Act 296, SLH 1983, adn 151, 
SLH 1984, conducted an assessment of the Kilauea Middle East Rift for 
designation as a geottermal resource .subzone . 
.,..... ~~ sto.A ..... ~ese mdi17'l~B relied upon \"\vailable information which has been 
compiled in the following documents as presented in the previous Contested 
Case Hearing on Kahaualea (G.S. No. 8/27/84-1). 
Circular C-103, Statewide Geothermal Resource 
Assessment (State Exhibit No. 6) 
Circular C-104, Social Impact Analysis of 
Potential Geothermal Resource Areas (State Exhibit No. 8) 
Circular C-105, Economic Impact Analysis of 
Potential Geothermal Resource Areas (State Exhibit No. 9) 
Circular C-106, Environmental Impact Analysis 
of Potential Geothermal Resource Areas (State Exhibit No. 10) 
Circular C-107, Geologic Hazards Impact 
Analysis of Potential Geothermal Resource 
Areas 
Circular C-108, Geothermal Technology 
(State Exhibit No. 12) 
(State Exhibit No. 11) 
The staff then conducted an assessment of the Middle East Rift based on 
factors set out in Act 296, SLH 1983. 
As l\lanager and Chief Engineer for the division, I relied on the staff 
expertise and with them completed the assessment and formulated the 
recommendation presented in current State Exhibits, No. 1 and 2. 
B. Presentation Approach 
I will briefly describe the background of activities leading up to the 
current proposal. I will then focus on the assessment of the Kilauea Middle 
East Rift as recommended geothermal resource subzone. 
II. BACKGROUND 
A. State Energy Goals and Objectives 
Act 296 specifies that the Board of Land and Natural Resources shall 
consider the provisions of Chapter 226, the Hawaii State Pla1ng Act. fu_ 
~eHeral provisions of this act apply to energy, generally and to geothermal 
~ources, in particular. 
Act 226 sets both overall and specific goals, objectives and policies. 
To achieve the overall theme of individual and family se!f-sufficiencyr'social 
I and economic mobility, community and social well-being, a number of "State 
Goals" must be achieved. (State Exhibit No.14, G.S. No. 8/27/84-1) 
J --rk.t State goals include the following: 
(1) A strong, viable economy, characterized by stability, diversity, 
and growth, that enables the fulfillment of the needs and 
expectations of Hawaii's present and future generations. 
-2-
(2) A desired physical environment, characterized by beauty, 
cleanliness, quiet, stable natural systems, and uniqueness, that 
enhances the mental and physical well-being of the people. 
( 3) Physical, social, and economic well-being, for individuals and 
families in Hawaii, that nourishes a sense of community 
responsibility, or caring and of participation in community life. 
Specific objectidves for utility systems are also stated in Act 226 and 
include: 
(1) Dependable, efficient, and economical statewide energy and 
communcation systems capable of supporting the needs of the 
people. 
(2) Increased energy self-sufficienty. 
To achieve these objectives, the following policies are to be 
implemented: 
( 1) Accelerate research development and use of new energy sources. 
(2) Provide adequate, reasonably priced, and dependable power and 
communication services to accommodate demand. 
(3) Ensure a sufficient supply of energy to enable power systems to 
support the demands of growth. 
( 4) Promote prudent use of power and fuel supplies through education, 
conservation and energy-efficient practices. 
(5) Ensure that the development or expansion of power systems and 
sources adequately consider environmental, public health, and 
safety concerns, and resource limitations. 
(6) Promote the use of new energy sources. 
(7) Facilitate the development and use of improved communications 
technology. 
Chapter 226 also establishes an overall priority direction and 
implementing actions to address areas of statewide concern. Priority actions 
I for energy use and development' sr • if' eG- include: 
(1) Encourage the development of alternate energy sources. 
(2) Encourage development of a program to promote conservation of 
energy use in the State. 
( 3) Encourage future urbanization into easily serviceable, more 
compact, concentrated developments in eixsting urban areas 
wherever feasible to maximize energy conservation. 
( 4) Encourage consumer education programs to reduce energy waste 
and to increase awareness for the need to conserve energy. 
( 5) Encourage the use of energy conserving technology and appliances 
in homes and other buildings. 
(6) Explore possible incentives to encourage the use of alternate 
energy sources in homes and other buildings. 
(7) Encourage the development and use of energy and cost-efficient 
transportation systems. 
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The Hawaii State Planning Act also provides for the formulation of 
Functional Plans in twelve functional areas of services provided by the State 
government. One such area specified is in the functional area of energy. 
The State Energy Functional Plan sets forth specific objectives and 
policies for development of alternate energy resources. They are: 
oJ{ltrt;fj)lf,: Accelerate the Transition to an Indigenous Renewable 
Energy Economy by Facilitating Private Sector Activities to Explore 
Supply Options and Achieve Local Commercialization and Application of 
Appropriate Alternate Energy Technologies. 
Hawaii's near-total dependence on imported petroleum, spiraling oil 
prices, thef net outflow of dollars for oil payments, and the political 
unrest of major oil-producing nations threaten local economic stability 
and the ability to serve energy needs over time. Support and 
assistance for private sector activities to develop local energy resources 
will reduce dependence on the world oil market, improve the State's 
balance of payments, and thus promote economic development, and 
increase the number and diversity of employment opportunities. 
To achieve this objective the following policies which apply directly to 
geothermal energy are stated: 
./ Pf/Jttrzy: Investigate and alleviate non-technical (legal/institutional/ 
economic/ financial) barriers to alternate energy resource development. 
IMI'EEMENTTNI'i A<;l'YYQN: Glle>'tfiERlVIAL EMllRG:f - Support continued 
implementation of the State Geothermal Commercialization Program to 
address and mitigate legal and institutional concerns. 
P!JI'.li2Y: Facilitate research, development and demonstration activities 
designed to resolve remaining technical barriers to alternate energy 
technologies in order to expedite local commercialization. 
IMl'I'.~ENTWei A!ZTI0~: Continue statewide alternate energy resource 
assessment studies as appropriate to supplement private sector 
investigations. 
/ IM?EEMENTt1>1G A(tT:rcJ~: GEGTHERM.A-1: ENER!3Y - Continue geothermal 
research activities as appropriate to support commercialization efforts. 
Quite clearly, the designation of geothermal resource subzones is an 
essential step in achieving the Hawaii State Planning Act goals and in 
particular, the goals of increased energy self-sufficiency. 
B. Act 296, SLH 1983 
Act 296, SLH 1983 directs the Board of Land and Natural Resources to 
designate geothermal resource subzones to assure that the interest in 
developing geothermal resources is balanced with the interest in preserving 
Hawaii's unique social and natural environment. 
The Act provides seven assessment factors or criteria for evaluating 
potential geothermal resource subzones. These factors include, but are not 
limited to: 
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BOARD OF LAND AND NATURAL RESOURCES 
STATE OF HAWAII 
) G.S. NO. 9/26/85-5 
) 
) 
) 
In the Matter of the 
Designation of the Kilauea 
Middle East Rift, Island of 
Hawaii as a Geothermal 
Resource Subzone ) 
________________________ ) 
TESTIMONY FOR THE 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
DIVISION OF WATER AND LAND DEVELOPMENT 
ON THE PROPOSAL OF 
THE KILAUEA MIDDLE EAST RIFT ZONE 
AS A GEOTHERMAL RESOURCE SUBZONE 
I. INTRODUCTION 
A. Background/ Qualifications of Manabu Tagomori 
Mr. Chairman and Members of the Board of Land and Natural 
Resources, the Division of Water and Land Development is responsible for 
the recommendation on the designation of the Kilauea Middle East Rift Zone 
as a geothermal resource subzone for the Department of Land and Natural 
Resources. I will be presenting the Department's testimony on the 
designation of the Kilauea Middle East Rift as a Geothermal Resource 
Subzone. 
I am a registered professional engineer in the State of Hawaii in the 
Civil branch. I have been employed by the Department for over 28 years 
and have served as Study Manager of an inter-governmental Hawaii Water 
Resources Regional Study, Executive Secretary of the State Water Commis-
sion, Chief Water Resources and Flood Control Engineer of the Division and 
since January 1985, the Manager-Chief Engineer of the Division of Water and 
Land Development. 
The Division is responsible for the management, regulation and pro-
tection of Hawaii's water and mineral resources and the planning and 
development of water projects. The Division, under my direction and 
administration, monitors and regulates all exploratory drilling for water and 
geothermal resources, including the inventory of mineral resources and 
mining activities in the State. 
On December 28, 1984, jhe Board of Land and Natural Resources 
rendered a Decision and Order (D/0) on the proposed geothermal resource 
subzone at Kahaualea, Hawaii. The D/0 directed the Department of Land 
and Natural Resources to evaluate the Kilauea Middle East Rift Zone as a 
potential geothermal resource subzone. 
(1) Potential geothermal energy production 
(2} Use of geothermal energy in the area 
( 3) Geologic hazards 
( 4) Social and environmental impacts 
(5) Compatibility with present and planned use 
(6) Potential economic benefits 
(7) Compatibility with conservation principles where a 
subzone falls within a conservation district. 
The assessment may be based on currently available public information. 
C. Act 151, SLH 1984 
Act 151, SLH 1984, signed into law on May 25, 1984, clarifies some of 
the provisions of Act 296, SLH 1983, as follows: 
0 Y Permits geothermal development activities within urban, rural, 
agricultural, and conservation land use districts. 
0_:¥ Defines geothermal development as "the exploration, development or 
production of electrical energy from geothermal resources." 
D-"' Existing leases within an agricultural district which were issued a 
special use permit by the County for geothermal development 
activities, is declared a geothermal resource subzone for the 
duration of the lease. 
D. Previous Subzone Designations 
As of November 16, 1984, the Board of Land and Natural Resources has 
I designated the following areas as geothermal /source subzones_:) 
c;The Kapoho Sectio~ciudes three existi~g geothermal mining leases. 
Haleakala Southwest Rift, Island of Maui 
Kilauea Lower East Rift (Kamaili Section), 
Island of Hawaii . . . . . . . . . 
Kilauea Lower East Rift (Kapoho Section), 
Island of Hawaii . . . . . . . . . 
*Approximate Acreage 
Area 
(acres) 
4,108* 
5,405* 
5. 211 * 
In addition, the Board now proposes to designate the Kilauea Middle 
East Rift as a Geothermal Rsource Subzone. 
E. Board of Land and Natural Resources 
Decision and Order of December 28, 1984 
In the Decision and Order on the previously proposed geothermal 
resource subzone at Kahaualea, in the Kilauea Upper East Rift, issued 
December 28, 1984, the Board approved the designation of approximately 800 
acres of surface area as a geothermal resource subzone upon the occurrence 
of the following events and upon the following conditions: 
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o The cessation of volcanic activity in, around, and near the area 
permitted by the Board's February 25, 1983 Decision and Order. 
The determination that eruptive activity constituting a geologic 
hazard has ceased shall be made by the Board upon evidence and 
testimony from professional geologists from the Hawaii Volcanoes 
Observatory and the U.S. Geological Survey. Other professional 
geologists with special experience in this particular geographic 
area may be heard at the Board's discretion. 
o No new activity associated with the permitted area shall be 
considered until after the determination is made that geologically 
hazardous and eruptive activity in, near, and around the 
permitted area has ceased as provided for above. 
o At that time, the Board representing the State of Hawaii, formally 
requested the Estate of James Campbell to investigate and consider 
a land exchange involving State owned land in Kilauea middle east 
rift zone and Campbell Estate's lands at Kahaualea (excluding 
Tract 22). 
o If the State of Hawaii and Campbell Estate should later consummate 
a land exchange involving lands at Kahaualea for State or other 
lands upon which geothermal activities may take place, then the 
geothermal subzone designation in the Decision and Order shall 
cease to exist and shall have no froce or effect in law, 
notwithstanding any further requirement for a contested case 
hearing in HRS 205-5 .2(3) or any other provision of law to the 
contrary. 
o The Board of Land and Natural Resources on its own motion 
directed the Division of Water and Land Development DOWALD of 
the Department of Land and Natural Resources (DLNR) to 
immediately undertake and conduct an assessment of ther Kilauea 
middle east rift zone in and adjacent to the Natural Area Reserve 
beginning on the western boundary of the Kamaili geothermal 
subzone as a potential geothermal resource subzone. Although this 
area had not previously been evaluated due to its classification as 
a Natural Area Reserve, the Board now believes that the area 
should be reviewed. 
o If a) the assessment of the Kilauea middle east rift zone does not 
result in a designation as a geothermal resource subzone in this 
area; or b) a land exchange between the State of Hawaii and the 
Estate of James Campbell is not consummated then the remainder of 
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./ 
the 5300 acres proposed by DOW ALD as a geothermal resource 
subzone in Kahaualea heretofore not designated by this Decision 
and Order shall be and is hereby ordered to b'}; so designated as a 
geothermal resource subzone. 
o If the land exchange described above is consummated, the Board 
of Land and Natural Resources strongly urges the federal 
government and the National Park Service to immediately seek to 
acquire Tract 22 (as described on its Master Plan), which the 
State will not itself seek. 
o If the exchange described above does occur, the entire 5300 acres 
within the proposed subzone (exclusive of Tract 22) shall be 
included within the lands acquired by the State of Hawaii from 
Campbell Estate and shall be eliminated from the proposed subzone. 
F. Board Action Following the Decision and Order of December 28, 
1984. 
On October 25, 1985, the Board formally set aside the Kahaualea land 
identified as Tax Map Key: 1-1-01:portion 01, at Kahaualea, Puna, Hawaii, 
consisting of 16,293.111 acres to be acquired by the State of Hawaii in 
exchange with the Campbell Estate pursuant to the Decision and Order of 
December 28, 1984. 
The designation of this area as a Natural Area Reserve will take effect 
J upon the consummation of the land exchange including legislative considerati-g 
~ 
of the exchange. 
c.ff''Cl< ,J /Jt._ ~~~Jt.-{ //c~Tit'/( ,_'""/ 
Board tilso, ca:AcelleEl the Governor's Executive On October 25, 1985, the 
' 
Order No. 3103, covering the land described as Wao Kele 0 Puna Natural 
Area Reserve and identified as Tax Map Key: 1-2-10:03 at Puna, Hawaii, 
pursuant 
The 
to the Decision and Order of December 28, 1984. 
cancellation of the Natural Area Reserve 
upon the consummation of the land exchange 
consideration of the exchange. 
III. PUBLIC PARTICIPATION 
designation will take effect 
including legislative 
Throughout the assessment process, public comment and participation 
has been invited from interested parties. 
Two public informational meetings on designating the proposed 
J geothermal resource subzone were held by the State Department of land and 
~ 
Natural Resources on the island of Hawaii. The meetings were held at 
Keaau, Hawaii, on March 13, 1985 and at Pahoa, Hawaii, on May 15, 1985. 
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The first meeting identified the most likely locations of geothermal resources; 
the second meeting focused on the identification of impact issues, 
To ensure full public participation, the time, place and purpose of 
these meetings were announced in newspaper publications, radio announce-
ments, and letter invitations. 
In addition, on July 29, 1985, the Department mailed letters to 
concerned parties requesting written comments and information on the 
proposed GRS. 
On September 26, 1985, a public hearing was held at the Pahoa 
Neighborhood Center, Pahoa, Hawaii, to receive testimony on the Kilauea 
Middle East Rift Zone as a geothermal
1 
resource subzone. 
IV. BASIC FACTS AND ASSUMPTIONS 
J 
o The Board of Land and Natural Resources, by its Order of 
December 28, 1984, has directed the Division of Water and Land 
Development to assess the subzone ,POtential of of the Kilauea middle 
Wp.o i<J<I~ 0 ?"'"' 
east rift zone in and adjacent to the~ Natural Area Reserve beginning 
on the western boundary of the Kamaili geothermal subzone. 
o Act 296, HRS 1983, does not require an environmental impact 
statement for subzoning but states that the assessment may be based 
on currently available information. 
o There is only a very limited amount of land within the state suitable 
for subzone designation. Less than 1% of the state's total land area 
has been designated or proposed as a Geothermal Resource Subzone. 
It cannot be guaranteed that land areas designated as subzones will 
provide any certain amount of geothermal capacity. 
o The subzoning process is a broad land-use designation. All 
subsequent geothermal activities require State or County development 
permits. These permits will likely require a thorough site-specific 
analysis and an Environmental Impact Statement when specific facts 
about a proposed development are known. At such time a proposal 
for specific geothermal development can be accepted, rejected, or 
modified to assure development only in an environmentally acceptable 
manner. 
o Buffer zones have been used throughout the subzoning process to 
minimize any potential environmental impacts to the National Park and 
surrounding areas. In addition, directional drilling technology can 
tap geothermal resources at depth while 
to surface areas directly above. 
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causig minimal disturbance 
~ 
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V. ASSESSMENT OF THE KILAUEA MIDDLE EAST RIFT 
A. Statewide Geothermal Resource Assessment 
In 1984, the Geothermal Resources Technical Committee consisting of 
individuals with expertise in engineering geochemistry, reservoir engineer-
ing, geology, geophysics and hydrology, undertook a county-by-county 
evaluation of potential geothermal resource areas based on the following data: 
groundwater temperature, geologic age (in terms of recent eruptive activity 
and surface features inferring resource presence), geochemistry, resistivity, 
infrared surveys, seismic surveys, magnetics, gravity, exploratory drilling 
and self-potential data (natural voltage anomalies). An indepth description 
of this assessment is provided in the previous State Exhibit 6, DLNR 
Circular C-103, titled "Statewide Geothermal Resource Assessment", G. S. No. 
8/27/84-1. 
Seven high temperature areas with potential for production of electrical 
energy were identified. They are: 
( 1) Haleakala S. W. Rift Zone, Maui 
(2) Haleakala East Rift Zone, Maui 
(3) Hualalai, Hawaii 
(4) Mauna Loa s. w 0 Rift Zone, Hawaii 
(5) Mauna Loa N.E. Rift Zone, Hawaii 
(6) Kilauea s. w. Rift Zone, Hawaii 
(7) Kilauea East Rift Zone, Hawaii 
The Kilauea Middle East Rift is located within the Kilauea East Rift Zone 
adjacent to lower east rift area now designated as the Kamaile Geothermal 
Resource Subzone and the upper east rift area known as Kahaualea. 
B. Factors Used to Examine and Assess Potential Geothermal 
Resource Areas in Accordance with Act 296, SLH 1983, 
and the Assessment of the Kilauea Middle East Rift 
Examination of the seven high temperature resource areas included in 
addition to potential for production of electrical energy the following factors: 
0 prospects for utilization, 
0 geologic hazards , 
0 social impacts, 
0 environmental impacts, 
0 land use compatibility, 
0 economic benefits, and 
0 compatibility with land use zoning. 
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In accordance with Act 296, the assessment method is left to the dis-
cretion of the Board of Land and Natural Resources and may be based on 
currently available public information. Areas for potential designation as 
geothermal resource subzones must demonstrate an acceptable balance 
between the factors as set forth in Act 296, HRS. 
The following summarizes the assessment of the factors listed in the 
Kilauea Upper East Rift Zone and in particular, the Kilauea Middle East Rift 
Zone. 
1. Potential for Production 
The consensus of the Geothermal Resource Assessment Technical 
Committee is that present day technology requires a geothermal resource to 
have a temperature greater than 125°C at a depth of less than 3 km to be 
feasible for production of electrical energy. (State Ex. 6, Circular C-103, 
G.S. No. 8/27/84-1) 
Currently available geotechnical data indicates the presence of a 
geothermal resource along the entire Kilauea East Rift Zone and that there is 
a 90% chance probability that the temperature will be greater than 125°C at a 
depth of less than 3 km. 
This finding is based on the extensive eruptive and intrusive 
activity along the entire length of the rift during the last millennium; an 
aeromagnetic anomaly associated with the rift showing temperatures in excess 
of 500°C at shallow depths; resistivity anomalies indicating shallow high 
temperature groundwater; the presence of high temperature shallow wells 
within and adjacent to the rift and a productive deep geothermal well. 
The Technical Committee's evaluation further suggests a greater 
than 90% probability for a resource along the visible trace of the rift with a 
gradual decline in probability to the extent of the aeromagnetic anomaly. 
Furthermore, intrepretation of aeromagnetic data suggests that a 
Curie temperature greater than 500° may be present at depths of 2-3 
kilometers out from the limits of the 25% probability line originally drawn. 
Also intrepretation of available geologic and gravity data suggests 
that the rift zone has migrated southward to its present location and is much 
broader in the northward direction than the present surface expression. 
Therefore, the Kilauea middle east rift zone, located between the 
western boundary of the Kamaili geothermal resource subzone and the 
eastern boundary of Campbell Estate's land at Kahaualea is estimated at 
having a greater than 90% chance of finding a high temperature (greater 
than l25°C) resource at depths less than 3 km. (Note: The percent 
probability estimates the potential for high temperature and does not indicate 
whether a production reservoir exists nor the permeability or fluid charac-
teristics of the area.) 
The potential high temperature resource area of the Kilauea Middle 
East Rift is denoted by the 90% probability lines indicated on State Exhibit 
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No. 4. The area shown between the 90% and 25% probability lines represents 
decreasing geothermal resource potential. 
2. Prospects for Utilization of the 
Geothermal Energy from the Area 
The Big Island's demand for electricity is expected to be fairly 
stable. Considering existing electric generation capacity, the demand for 
geothermal electricity may be somewhat limited. However, two possible 
long-term scenarios would significantly increase the demand for geothermal 
electricity: (1) a deep water electrical transmission cable connecting the 
islands and/or (2) an energy intensive industry on the Big Island, e. g., 
manganese nodule processing. Either of these scenarios could increase 
demand by 250 MW. (State Ex. 14, G.S. No. 8/27/84-1) 
3. Geologic Hazards that Potential Geothermal 
Projects Would Encounter 
Potential geologic hazards include lava flows, pyroclastic fallout, 
ground cracks, earthquakes, subsidence, and tsunami. An analysis of 
Hawaiian geologic hazards and their possible effects on geothermal 
development is provided in Circular C-107, State Ex. 12, G.S. 8/27/84-1. It 
is supplemented by Circular C-114, State Exhibit 2, G.S. 9/26/85-5. 
Lava Flows. 
Kilauea is one of the world's most active volcanoes. Although eruptions 
have occurred more frequently in the upper rift zone, substantial volcanic 
risk is present along the entire Kilauea east rift zone. 
The elevation of mildly sloping ridges north of the middle east rift zone 
axis may offer some protection from lava hazards. Heiheiahulu Crater in the 
southeast portion of the proposed GRS may be considered as an elevated 
geothermal site. 
Within the past 24 years, four eruptions have covered parts of this 
proposed GRS. These flows have been concentrated in the western part of 
the proposed GRS. The 1961 flow covered 1% of the proposed GRS, the 1963 
flow 2%, the 1977 flow 10% and the present Puu O'o flows 9%. The total 
percentage of land in the proposed GRS covered by these recent flows is 
about 22%. Puu O'o is presently providing the least resistive path to the 
surface for intrusive magma in the Kilauea east rift zone. It is unlikely that 
eruptions will occur downrift while the Puu O'o eruptions continue. 
However, it is not possible to accurately predict the precise time and place 
of future activity. 
Decentralized facilities, strategic siting, and prudently constructed lava 
diversion platforms and barriers can be expected to mitigate the hazard risk 
from future flows. However, nothing can eliminate the substantial hazard 
from lava flows. 
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Pyroclastic Fallout. 
Weight and depth of proclastic fallout is greatest around an eruptive 
vent. However, fallout can be appreciable 500 to 1000 m downwind of a 
vent. In 1959, a light pumice blanket extended 4000 m southwest from 
Kilauea Iki vent. In February 1985, high fountaining during the 30th phase 
of the Puu O'o eruption and strong NE Kana winds resulted in an apprecia-
ble amount of Pele's hair falling out over Hila. 
Protecting structures or machinery against damage by pyroclastic fallout 
may be achieved by enclosing those parts vulnerable to abrasion or con-
tamination. 
Ground Cracks. 
Volcanic cracking is concentrated along the rift zone axis. A signifi-
cant number of volcanic cracks are situated within the proposed Kilauea 
middle east rift GRS. Many cracks may be associated with a single volcanic 
event, as evidenced by the cracks formed during the 1961 eruption. Con-
tingency planning should include the best available methods for sealing a 
well bore should a crack intercept a producing well. 
Earthquakes. 
Most earthquakes in Hawaii are volcanic, which are small in magnitude 
and cause little direct damage. Larger tectonic earthquakes tend to be 
situated in the saddle area between the calderas of Kilauea and Mauna Loa, 
and also in the Koae and Hilina fault systems--south of Kilauea's caldera. 
Recent earthquakes above magnitude 6 have occurred in the saddle area, 
e.g. the Kaoiki earthquake in November, 1983 (magnitude 6,7). The largest 
recent earthquake (magnitude 7 .2) occurred in 1975 about 5 km southwest of 
Kalapana. Power plants should be constructed to withstand most island 
earthquakes. 
Subsidence. 
On the mainland, subsidence due to contraction of clay or sand for-
mations may result from the withdrawal of geothermal fluids in those 
formations. In Hawaii, subsidence from geothermal fluid withdrawal is not 
likely to be a problem; since the islands are generally composed of dense, 
yet porous, self-supporting basaltic rock, especially in geothermal production 
zones. Of more concern is the volcanic or tectonic subsidence which may 
occur on or about active rift zones. 
As a result of volcanic activity, small to large grabens may result with 
the subsidence of rock blocks (usually rectangular) which are downthrown 
along or between cracks, e.g. 1960 Kapoho graben. Subsidence may also be 
associated with tectonic earthquakes, collapsing lava tubes and pit craters. 
Tsunamis. 
Tsunami hazard is probably localized to a zone of land at most 2 km 
wide around the coast, and at elevations below about 75 feet. This will not 
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be a hazard to developments in the proposed Kilauea middle east rift GRS as 
elevations are generally above 1400 feet. 
4. Social Impacts 
Social impacts related to geothermal development include health and 
noise concerns, impacts to lifestyle, culture and community setting, as well 
as aesthetic impacts. 
Health Concerns. 
The health concerns involve the possible effects of chemical, particulate 
and trace element emissions on the physical environment and nearby 
residents. Hydrogen sulfide (H 2 S) is the most significant gas found in 
geothermal emissions, primarily because of its "rotten egg" smell at certain 
concentrations. 
H2S odor is detectable at 25 ppb. The State of Hawaii Department of 
Health has proposed a 25 ppb H2s standard that geothermal developers will 
be required to meet. The California Departyment of Health Services' 
standard is 30 ppb and where this standard is enforced, no complaints of ill 
health due to H2S have been noted. 
The National Research Council Committee on Medical and Biological 
Effects of Environmental Pollutants has stated that exposure to low 
concentrations of H2S has little or no importance to human health and 
represents nothing more than an unpleasant odor at very low concentrations. 
At higher concentrations, H2s is an irritant gas, which causes local 
inflammation of the moist membranes of the eye and respiratory tract. 
Studies of long-term exposure to low levels of H2S in Rotorua, New 
Zealand, to both volcanic emissions and unabatted H2 S eimissions from a 200 
MW geothermal electric plant reveal no evidence of health impairment. 
(Siegel, 1984) 
Technology for abatement of hydrogen sulfide emissions to acceptable 
levels is available. The recommended Stretford system, the primary on-line 
abatement system, is capable of removing over 99% of the H2 S contained in 
the non-condensable gases emitted from a geothermal plant. 
For control of noise and H 2 S emissions during well flow testing, a 
caustic injection and rock muffler system can be utilized. A similar system 
is presently in use at the HGP-A well. Tests of this system at the HGP-A 
well have shown it to be 90-95 percent efficient in H2 S removal. 
A geothermal plant is expected to be on-line 90-95% of the time. 
Contingency abatement-systems can be utilized in the event the plant is 
"down" for maintenance. If maintenance is required, the geothermal steam 
could be re-routed directly into the main plant condenser utilizing the 
primary abatement systems. If the primary abatement system is not opera-
tional, a secondary abatement system such as NaOH (caustic soda) scrubbing 
can be used in combination with a rock muffler to achieve 92-95% H2 S 
removal. 
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Noise Concerns. 
The impact and intrusiveness of noise from geothermal development 
activities on the surrounding environs is dependent on the meteorological 
conditions; the intensity of the noise source; the measures taken to reduce 
the noise level; the sound propagation conditions existing between the source 
and listener; the ambient or background noise at the receptor; and the 
activity at the receptor area at the time of the noise event. (BLNR Findings 
of Fact, 2/25/83) 
Although noise levels associated with geothermal energy development 
and operation are comparable with those of industrial or electrical plants of 
similar size, plant construction and operation in a quiet rural area are a 
potential noise factor which can be controlled and monitored. 
The source of noise impact from the proposed geothermal resource 
subzone would arise from (a) construction of roads, pipelines, and build-
ings; (b) geothermal well-drilling and testing or venting; and (c) geothermal 
power plant operations. 
During the initial phases of field development, persons in the immediate 
vicinity of a geothermal site may be exposed to noise levels varying from 40 
to 125 decibels, depending upon the distance from the well site. 
Noise generated by construction activity will involve the use of 
standard construction equipment such as local bulldozers, trucks, and 
graders operating in the same manner, and over a limited time period as any 
other typical project. No unusual noise events of long duration are 
involved. 
Within 100 feet of the drill rig, noise varies from 60 to 98 decibels with 
muffler. Initial venting noise varies from 90 to 125 decibels which may be 
mitigated using a stack pipe insulator or cyclone muffler. Periodic opera-
tional venting noise is about 50 decibels using a pumice filled muffler. 
The use of noise abatement procedures during venting, such as 
portable or in-place rock mufflers, can reduce noise levels from the drill 
site. Noise levels for proposed power plants are expected to be low and 
should result in slightly audible or inaudible levels at most receptor sites. 
Power plant buildings and barriers can be designed to optimize the 
orientation and degree of closure to contain noises from the turbine, 
generator and transformers. Cooling towers have not proven to be dominant 
noise sources in geothermal plants. Taking all major noise sources into 
account, the continuous noise level of 75 dB A at 100 feet is considered 
readily achievable for power plants. (BLNR Findings of Fact, 2/25/83) 
In May of 1981, the County of Hawaii Planning Department issued a set 
of "Geothermal Noise Level Guidelines" to provide proper control and moni-
toring of geothermal-related noise impacts with stricter standards than those 
prevailing for Oahu, based on lower existing ambient noise levels for the 
Island of Hawaii. 
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These Noise Level Guidelines which have been attached to county 
permits controlling geothermal activities and include the following: 
a. That a general noise level of 55 dBA during daytime and 45 dBA 
at night not be exceeded except as allowed under b. for the 
purposes of these guidelines, night is defined as the hours 
between 7:00p.m. and 7:00a.m.; 
b. That the allowable levels for impact noise be 10 dBA above the 
generally allowed noise level. However, in any event, the 
generally allowed noise level should not be exceeded more than 10% 
of the time within any 20 minute period; and 
c. That the noise level guidelines be applied at the existing residen-
tial receptors which may be impacted by the geothermal operation. 
Geothermal development activities have been required to comply with the 
Geothermal Noise Level Guidelines of the Hawaii County Planning Department 
("Guidelines 11 ). The "Guidelines 11 specify that the 11 acceptable geothermal 
noise guidelines should be at a level which reasonably assumes that the 
Environmental Protection Agency and U.S. Department of Housing and Urban 
Development criteria for acceptable indoor noise levels can be met." 
For example, the design standard for the HGP-A Wellhead Generator 
Project specifies that the noise level one-half mile from the well site must be 
no greater than 65 decibels (comparable to the sound of air conditioning at 
20 feet). Construction of a rock muffler at the facility has reduced noise 
levels to about 44 decibels (equivalent to light auto traffic) at the fence line 
of the project. 
The BLNR has also similarly controlled noise associated with geothermal 
activities in areas zoned conservation. The BLNR Decision and Order of 
February 25, 1983 which allowed limited geothermal exploration on a portion 
of the Kahaualea land parcel in Puna, Hawaii included the following noise 
level restrictions: 
§9.3.5 - A general noise level of 55 dba during daytime and 45 dba at 
night shall not be exceeded except as allowed for impact noise. For the 
purposes of these guidelines, night is defined as the hours between 
7:00 p.m. and 7:00 a.m. These general noise levels may be exceeded 
by a maximum of 10 dba for impact noise; however, in any event, the 
generally allowed noise level shall not be exceeded more than 10 percent 
of the time within any 20-minute period with the exception of venting 
operation in accordance with Chapter 183 of Title 13 of the Board's 
Administrative Rules and this order. 
As any geothermal project progresses, noise propagation information will 
be obtained and will serve as guidance for the design of noise mitigation 
measures required of the power plants, particularly for power plants located 
close to noise sensitive residential and park areas. 
-15-
The type of housing normally found near the vicinity of the proposed 
geothermal resource subzone, will result in noise reduction from outside to 
inside of at least 15 dB. Thus, an outside noise level of 45 dB A will reduce 
to an inside level of 30 dB A or less, which is less than the EPA's limiting 
standard of 32 dBA level to prevent sleep modification. (BLNR Findings of 
Fact, 2/15/83) 
Lifestyle, Culture, and Community Setting 
The lifestyle, culture and community setting or atmosphere of an area 
are very much inter-related and represent a major consideration in assessing 
the effects of any introduced changes. 
The small magnitude of change in lifestyle and social interaction that 
may be brought about by new residents associated with geothermal develop-
ment may be a small part of the lifestyle, culture and community and traffic 
changes already taking place in the Puna area as a result of the influx of 
new residents in recent years. (State Ex. 8, G.S. No. 8/27/84-1) 
Prehistoric cultural activities and features such as foot trails, upland 
taro patches and planting areas, a pulu factory, and other sites have been 
reported in the area adjacent to the proposed subzone. As geothermal 
development occurs, each new increment of land area should be archaeologi-
cally surveyed by a qualified archaeologist after specific sites for develop-
ment activity are determined and before land clearing begins. If 
archaeological sites are found, they should be described and assessed as to 
significance, and measures taken to ensure avoidance or mitigation of 
potential impacts from geothermal developments. 
The practice of Hawaiian religion has included the belief and worship of 
the volcano goddess Pele. Some Hawaiian practitioners consider the lands 
adjacent to Kilauea Crater as sacred and the home of Pele. These 
practitioners consider the connections made with Pele in the past by their 
ancestors and today by themselves and their families, as essential to their 
daily life activities. To many native Hawaiians, Pele is regarded as aumakua 
and akua, and personal offerings have been made to Pele by religious practi-
tioners for many years. (VCA Ex. 40, G.S. NO. 8/27/84-1) Some 
Hawaiians also identify themselves as the bloodline of Pele and believe that 
their existence and theology is threatened by the potential changes that may 
result from geothermal development. They also believe that geothermal 
development may forever extinguish or destroy essential parts of Hawaiian 
heritage, culture and religion. 
Certain practitioners interpret the continuous eruptions at Puu O'o as 
signs of Pele's disapproval of geothermal activity and that Pele in her 
manifestation as steam cannot be sold for monetary gains. They are 
concerned about traditional Hawaiian beliefs regarding the use of steam, 
suggesting that Pele would be offended by geothermal development. 
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However, the recognition and use of geothermal energy has been 
recorded in the early history of the Hawaiian Islands by the Reverend 
William Ellis whose journal has been published in many editions. Explorers 
identified numerous fumaroles and thermal features on Kilauea and Mauna Loa 
volcanoes as early as 1825. 
Early Hawaiians are recorded using steam emanating from fissures along 
the rift zone for cooking. William Ellis notes in his Journal published in 
1825 that offerings to Pele consisting of hogs, dogs, fish and fruits were 
frequently made on heiau altars at Kilauea-Iki, and that these offerings were 
always cooked in the steaming chasms or the adjoining ground, least Pele 
reject them. 
Ellis also notes that the ground in the vicinity of Kilauea, throughout 
the whole plain was so hot that those who came to the mountains to gather 
wood and to fell trees and hollow them for canoes "always cooked their own 
food, whether animal or vegetable, simply by wrapping it in fern leaves and 
burying it in the earth", a method quite similar to the Hawaiian imu. 
At Kilauea on Hawaii, Handy and Handy, in their "Native Planters in 
Old Hawaii" describes how whole trunks of hapu'u pulu (fern trees) were 
thrown into steam fissures, covered with leaves, and when cooked, were 
split open and the starch core used as food for pigs. 
The use of warm springs also was not unknown, since Ellis notes that 
at Kawaihae at the shore, warm springs provided a refreshing morning bath. 
Although the citation indicates a location removed from the Kilauea rift zone, 
the spring water is described as being "comfortably warm" and "probably 
impregnated with sulfur". He also notes medicinal qualities were ascribed to 
it by those who used it. 
Aesthetics. 
"The Puna Community Survey" by SMS Research Inc. reported that of 
the negative impacts perceived relating to the geothermal development, 5% 
felt that it "looks bad". The area respondents with the greatest percentage 
were Keaau residents, with 25% of the factors mentioned being under the 
category of negative appearance. 
In some areas with potential geothermal resource development, the plant 
installation may be relatively unobtrusive--where scenic view corridors are 
not damaged in the eye of nearby or medium-distanced residents and 
visitors--however, consideration of aesthetic aspects should include careful 
siting, tasteful design, and effective landscaping. 
Techniques of preserving aesthetic aspects of the landscape and natural 
vistas include attractive design, painting of structures, towers and plants 
with colors to blend in with the natural setting. 
Drill rigs, including a platform, may reach to heights of approximately 
150 feet. Rigs at various locations within a subzone may be temporarily 
visible above the tree line from view corridors into the development area. 
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It is possible that the moist warm air from the cooling towers will 
condense as it rises under certain atmospheric conditions to form a small 
cloud mass similar to that often observed near cracks and puu's along the 
remote part of the Kilauea east rift zone east of Mauna Ulu under the same 
conditions. During normal atmospheric conditions, some visible vapors are 
expected from the cooling towers. 
Visibility of steam emissions from cooling towers will vary with output 
and atmospheric conditions; however, use of drift eliminators can reduce the 
size of the vapor plume. Silica deposition from surface disposal of 
geothermal brine can also create an aesthetic problem. Brine could be 
reinjected into deep rock strata. As an alternative, research may provide 
an aesthetic and environmentally acceptable brine treatment process. 
In areas where development activity is close to National or State Parks, 
or recreation areas, estimates of potential visual impacts along sensitive view 
corridors should be made. Terrain analyses can be conducted to determine 
locations outside the project area from which drilling rigs, power lines, power 
plant facilities, etc. , can be seen and to assess the visual impacts in 
relationship to size, distance, color, shape and other related factors. 
Depending upon the terrain within and adjacent to a proposed project 
site, such an analysis may be required in environmental impact assessments 
for the development of specific sites within a geothermal resource subzone 
during the subsequent permitting process. 
5. Environmental Impacts 
Geothermal factors with a possible environmental effect include air 
emissions, liquid effluent, noise, visual aesthetics and physical disturbance 
during construction. 
Air Emissions. 
The most significant geothermal emission is hydrogen sulfide (H 2 S). 
Chemical analyses on unabated, undispersed, geothermal steam at the Hawaii 
Geothermal Project - well A (HGP-A) indicate H2 S concentrations of 900 parts 
per million by weight. Other potential geothermal reservoirs in Hawaii may 
vary. H2 S abatement systems and normal air dispersion will drastically 
reduce the concentration of any emissions from a point source. 
The State Department of Health (DOH) has proposed Ambient Air 
Quality Standards to control H2 S emissions from geothermal wells and power 
plants (Chapters 11-59 and 11-60 of the DOH Administrative Rules). The 
developer must obtain from the DOH an "authority to construct" prior to 
geothermal well or power plant construction and a "permit to operate" prior 
to connecting a well to a power plant ( §11-60-23 .1( d)). Geothermal wells 
and plants would have to show compliance with the State standards adopted. 
Current technology indicates that geothermal development activities can occur 
while meeting either the standards being considered or California standards 
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which govern emissions from the largest geothermal development in the 
world. 
A preliminary assessment of the levels of H2 S which can be expected 
from geothermal developments in Hawaii has been prepared by J. Morrow 
(1985). He concludes that under the most unfavorable atmospheric con-
ditions a 25 MW plant with at least 98% H2 S removal efficiency appears 
capable of meeting the proposed state increment and ambient standard under 
normal and abnormal (steam stacking) operating conditions. A higher level 
of abatement efficiency by H2 S control systems may be necessary for larger 
plant sizes or when weather conditions work against normal dispersion of 
emissions. 
The State DOH will set all standards necessary to protect the public 
health. Geothermal developers must demonstrate that these standards will be 
met both prior to construction and during operation. Technologies exist 
which have demonstrated abatement of H2 S emissions by approximately 99%. 
Liquid Effluent. 
Significant elements in geothermal brine include silica, chloride, and 
sodium. If not disposed of properly these elements have the potential to 
pollute potable water. Disposing of or minimizing the solids from silica depo-
sition is a subject of concern whether the brine is discharged into a surface 
percolation pond or reinjected into deep rock strata. Some future projects 
at the Puna Geothermal Research Facility will investigate solutions to the 
problem of silica deposition. Aesthetic considerations may require brine 
disposal by reinjection. Geothermal development permits should indicate what 
method of brine disposal will be required. 
The State DOH has established an Underground Injection Control 
program designed to protect the state's underground sources of drinking 
water (Chapter 11-23). These laws will regulate underground injections of 
geothermal fluids such that underground sources of drinking water are not 
polluted. 
Groundwater monitoring and control can be required by development 
permits. The Board of Land and Natural Resources (BLNR) Decision and 
Order which allowed limited geothermal exploration at Kahaualea included the 
following sections: §9. 2. 6 requires water analyses during initial well 
drilling; §9. 6. 9 prohibits pollution of ocean and rivers by geothermal brine; 
and §9. 6.10 states that no substances from geothermal wells shall be allowed 
to flow on the ground in such a manner as to create a health hazard. 
Physical Disturbance During Construction - Effect on Flora and Fauna. 
Direct physical disturbance by geothermal construction activities must 
be carefully planned to minimize damage to native forests which may be 
susceptible to invasion by exotic species along roadways or other cleared 
areas. 
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A detailed vegetation survey of Puna forests conducted by ~D. Jacobi 
I 
in 1983, indicates that the highest quality native vegetation is located up rift 
and outside the proposed Kilauea middle east GRS; however, the western 
portion of the proposed GRS does contain some of this vegetation) i1A ;J!,_,UJ"VV ~- -ae ,"C 4 "'"' :' 
This vegetation consists of wet ohia forest with mixed native subcanopy '-"- 11"1':'};: 
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trees with a tree fern native shrub understory. 
Vegetation in the southwestern portion of the GRS is classified as 
closed canopy, wet ohia forest with mixed native subcanopy trees and a tree 
fern native shrub understory with some introduced shrubs and ferns. 
There are also small sections of ohia kukui forest present in the southwest 
section. 
The northern portion of the proposed GRS include a large section of 
open canopy, wet ohia forest with mix native sub-canopy trees, and a tree 
fern native shrub understory with some introduced shrubs and ferns. The 
southeastern section contains wet pioneer ohia community. A significant 
portion of the proposed GRS is bare recent lava. 
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A recent flora and fauna survey, "Puna Geothermal Area Biotic Assess-
ment", published in April 1985 by the University of Hawaii, Department of 
Botany, indicates that a number of plant species found within the east rift 
zone area are listed as Category 1 candidate species for listing as 
endangered by the U.S. Fish and Wildlife Service. Of the nineteen Category 
1 species collected in the University's survey, only two are found within the 
proposed GRS, a medium sized tree, Bobea timonioides and Cynea 
tritomantha. 
A Category 1 species is one for which the U.S. Fish and Wildlife 
Service has sufficient information to support the biological appropriateness of 
listing as endangered, but for which data still need to be collected concern-
ing the environmental and economic impacts of listing the species and 
designating a critical habitat for it. 
Bobea timonioides, also known as 'akakea, is found in Ohia forest types 
and was sighted at three locations in the proposed GRS, at one site in the 
designated Kapoho GRS, and at two sites along the lower rift zone outside 
the proposed GRS. 
Cynea tritomantha var. tritomantha, known as 'aku'aku, was sighted in 
the northeast corner of the proposed GRS. It should be noted that the 
endemic fern, Adenophorus periens, was sighted mostly outside of the 
proposed GRS to the west and north. 
The impact of geothermai development on these plant species can be 
avoided by careful facility siting and through the proper permit process. 
Endangered birds sighted on the Kilauea middle east flank include the 
O'u, the I'o (Hawaiian Hawk), and the Nene (Hawaiian goose). 
O'u sightings have been reported west and north of the proposed 
Kilauea middle east rift GRS and, as noted in the University's fauna survey, 
usually above the 3000-foot elevation. The authors of the Hawaii Forest Bird 
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Recovery Plan have recommended and the U.S. Fish and Wildlife Service has 
approved an essential habitat for the O'u which is believed to be necessary 
for the O'u to be restored to non-endangered status. The lower habitat 
boundary has been set at 2000-foot elevation, and as such includes only a 
rP k,..._ <h-. I"';11Af q r( :!w.~ C-litf, 
small portion of the proposed GRS ~ The proposed JGRS should therefore 
have no adverse impact on the survival of the O'u. (State Ex. 2, G.S. No. 
9/26/85-5) 
The I'o is a roaming bird which has been sighted throughout the Puna 
area, over a wide range of ecosystem types including agricultural lands. 
Well sites and power plants will be sited so as to avoid known I'o nesting 
sites. 
The primary range of the Nene is approximately 10 km to the west of 
the proposed Kilauea middle east rift GRS. Nene are not known to nest in 
the proposed GRS. Their present range is thought to be from 3800 to 8000 
feet on the slopes of Mauna Loa. 
6. Compatibility With Land Use Zoning 
Under the provisions of Chapter 205-2 of the Hawaii Revised 
Statutes, Districting and Classification of Lands, there are four major land 
use districts in which all lands in the State are placed: (1) urban, 
( 2) rural, ( 3) agricultural, and ( 4) conservation. 
The great majority of the land within the proposed Kilauea middle 
east rift GRS is zoned Conservation-Protective. The extreme eastern and 
southeastern areas of this proposed GRS is zoned agricultural. 
Act 296, SLH 1983 and as amended by Act 151, 1984, specifically states 
that "geothermal resource sub zones may be designated within the urban, 
rural, agricultural, and conservation land use districts established under 
section 205-2. Only those areas designated as geothermal resource sub zones 
may be utilized for geothermal development activities in addition to those 
uses permitted in each land use district under this chapter." 
Methods for assessing the compatibility of geothermal development within 
a conservation district are left to the discretion of the Board and may be 
based on currently available public information. However, subzoning itself 
does not automatically permit any geothermal development or convey any 
rights to individuals beyond application for the required permits to conduct 
geothermal activities in any of these designated areas. 
The authority of the Board to designate geothermal resource subzones 
shall be an exception to those provisions of Chapter 205 and of Section 26-4 
authorizing the land use commission and the counties to establish and modify 
land use districts and to regulate uses therein. The provisions of this 
section shall not abrogate nor supersede the provisions of Chapters 182 and 
183 (HRS). 
If geothermal development activities are proposed within a conservation 
district, then, after receipt of a properly filed and completed application, 
the Board of Land and Natural Resources shall conduct a public hearing 
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and, upon appropriate request, a contested case hearing pursuant to 
Chapter 91 to determine whether, pursuant to Board regulations, a conser-
vation district use permit shall be granted to authorize the geothermal 
development activities described in the application. 
In granting a conservation district use permit (CDUA No. HA 
3/2/82-1463) for geothermal exploration, the Board of Land and Natural 
Resources (BLNR) stated that "the State recognizes that conservation lands 
vary in their use and importance in accordance with a wide variety of 
criteria. Both the federal government and the State of Hawaii recognize that 
conservation lands involve multiple uses which range from absolute pre-
servation to regulated uses ... The range of activity permitted depends upon 
the ecological importance of the resource in the overall environment and the 
relative need for human activity within a restricted context." This balancing 
test may also be applied by the BLNR to conservation lands contained within 
the proposed Kilauea middle east rift GRS when subsequent permits are 
considered. 
The counties control land use within agricultural districts. The County 
of Hawaii has already permitted the drilling of several geothermal wells on 
land zoned agricultural near the HGP-A geothermal facility. With regard to 
agricultural zoned land within the proposed Kilauea middle east rift GRS, the 
County will assess the propriety of geothermal development before granting 
their geothermal permits. 
7. Economic Benefits 
Development of geothermal resources would provide numerous job 
opportunities during the construction, maintenance, and operation of the 
roads, wells, and power generation facilities. The total number of employ-
ment opportunities will depend on specific development proposals. However, 
most jobs would be temporary construction jobs. 
If we assume 25 project employees, direct wages may be about $560,000 
annually, having a multiplier effect totalling an estimated $1.3 million. This 
would result in some impact on the state and county economy, but not a 
significant impact. A greater potential for permanent jobs for local residents 
may be provided by direct use applications of geothermal heat. 
Various sources of public revenue may result from a geothermal facility, 
including property tax, fuel tax, general excise tax, corporate and personal 
income tax, and possibly royalty income. (State Ex. 9, G. S. No. 8/27 /84-1) 
Direct Use Applications 
Direct use of geothermal heat should offer local residents many economic 
opportunities. The warm water effluent from a geothermal electric facility 
can provide an inexpensive source of process heat for various uses. 
Some agricultural activities which can be supported by geothermal heat 
include: sugarcane processing, drying and dehydration of fruits and fish, 
fruit and juice canning, production of livestock feed from fodder, freeze 
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drying of food and coffee, aquaculture and fishmeal production, refrigeration 
and ice making, soil sterilization, and fruit sterilization by dipping in hot 
water. 
Industrial applications of direct geothermal heat may include extraction 
of potentially marketable minerals, such as silica or sulfur from geothermal 
fluids, production of cement building slabs, and production of liquid com-
bustion fuels from biomass, e.g. bagasse or other agricultural by-products. 
Other direct uses include hot geothermal mineral water spas which have 
proved to be of major commercial value in producing tourist revenue in 
Japan, Europe, U.S.S.R., and mainland United States, where millions visit 
these facilities annually. In places where fresh water is scarce, geothermal 
heat can be used to distill fresh water from saline water. 
The transportability of geothermal heat is a significant limiting feature 
of direct use applications. Factors which influence transportability include 
initial and end-use temperatures, climate conditions, and whether steam or 
hot water is transporting the heat. Hot water can be transported much 
farther than steam. Depending on the direct use application, hot water can 
be transported about ten miles. Thus direct use facilities should be situated 
in close proximity to electric generation facilities. 
The eastern and southeastern areas at the proposed Kilauea middle east 
rift GRS are presently zoned agricultural. The major portion of this 
proposed GRS is zoned conservation. It must be determined during subse-
quent permitting processes whether direct use applications of geothermal heat 
is an appropriate use in the agricultural and conservation areas of the 
proposed GRS (see section on compatibility). However, direct use activities 
are not legally restricted to geothermal resource subzones (Act 296 only 
restricts electrical uses to subzones) . 
If the benefits of direct use applications are to be available in several 
areas, then small decentralized geothermal facilities should be encouraged. 
Decentralized developments owned and operated by various developers may 
also promote competitive pricing for both electricity and process heat. With 
imaginative marketing, Big Island processed farm products can be sold 
world-wide. (State Ex. 2, G.S. No. 9/26/85-5) 
V. CONCLUSION 
The Division of Water and Land Development (DOWALD) of the 
Department of Land and Natural Resources, pursuant to the~ Decision and 
Order rendered by the Board of Land and Natural Resources on December 
28, 1984, conducted an assessment of the Kilauea middle east rift zone in 
and adjacent to the Puna Forest and Wao Kele 'O Puna Natural Area Reserve. 
This land area, located between the western boundary of the Kamaili 
geothermal resource subzone and the eastern boundary of KahaualeaJ was 
examined for resource potential and evaluations were made on geologic 
hazards, social, economic, and environmental impacts and compatibility of 
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geothermal development. The potential geothermal resource area was 
evaluated on the basis of potential and real impacts which may occur within 
the identified area and in consideration of statutory state energy objectives 
and policies. 
Based on the assessment factors above, the proposed Kilauea middle 
east rift GRS boundaries were determined as follows: 
o Almost all of the land area contained in the proposed GRS is within 
the 90% probability area. 
o GRS boundaries were drawn utilizing existing metes and bounds 
where possible, to clearly define subzone limits. 
0 
0 
The eastern boundary abuts the existing Kamaili GRS, straddling 
the 90% probability band and forming a contiguous land use 
designation. 1. ,·1·.1.-
r}rt.tma!IL (l'1 
The southern boundary closely parallels the 90% pPe9a9ly line and 
is limited becausejresource potential of areas to the south of 90% 
probability line is beliqed to diminish with distance from the rift 
zone. Also, permeability in areas south of the /!fft zone is 
expected to be low as a result of mineral deposition from salt water 
i~ 
CPotential- hazards from lava flows are greater south of the rift zone 
due to the southward sloping contour of the land. 
0 The western boundary was drawn assuming that Kahaualea is , <L 1 , P""'i<IM ,_ 'l.ooo .foot b·.n,.._o .... ~ 
a natural area reserve. The boundary 11 to mitigate u ';It$..._,..,!,. dfignated as 
any possible effects on the substantial prime native forest and 
wildlife at Kahaualea. 
o The northern GRS boundary as was drawn a reasonable distance 
north of the rift zone to provide for areas less susceptible to lava 
flow hazards. It is anticipated that power plants may be sited on 
locally elevated ground in these safer northern areas. 
The potential geothermal resource area was assessed to have a greater 
than 90% probability of locating a high temperature resource. Potential 
impacts were identified and considerations given to mitigation measures and 
other requirements that may be imposed on a site-specific, case-by-case 
basis during subsequent State and County permitting. 
~:..A~ll.A\tcA. 
Geologic hazards are present throughout the entire Kilauea east rift 
zone. Decentralization of facilities, strategic siting, and lava diversion 
platforms and barriers may mitigate damage from future lava flows. Develop-
ment permits should require that all potential economic losses are to be 
assumed by developers. 
The State Department of Health has proposed air quality standards and 
promulgated underground injection control regulations which will control 
geothermal emissions and effluent injections. Development permits should 
either prohibit or control surface water disposals. Geothermal noise levels 
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have been regulated in exploration permits and such noise regulation is 
expected to continue throughout the development process. 
Assuming the exchange of State and Campbell Estate lands is feasible 
and that Kahaualea is redesignated as a Natural Area Reserve, the proposed 
Kilauea middle east rift GRS will provide a 2000-foot buffer between the GRS 
and Kahaualea to mitigate any possible effects on the substantial prime native 
forest and wildlife at Kahaualea. Those scattered areas of prime native 
forest which are contained within the proposed GRS can be protected 
throughout the permitting process by requiring that development activities 
avoid these sensitive areas. 
The State has established an objective of energy self-sufficiency and 
geothermal energy is viewed as a key to attaining this objective. Protection 
of the environment is also an area of high priority. The Division of Water 
and Land Development believes that both goals of geothermal development 
and environmental protection can be attained by permitting controlled 
development within the proposed Kilauea middle east rift GRS. This assess-
ment has resulted in the identification of approximately 11,7 45 acres of the 
Kilauea middle east rift zone as a potential geothermal resource area and 
recommends that it be considered for designation as a geothermal resource 
subzone by the Board of Land and Natural Resources under authority of Act 
296, SLH 1983 and Act 151, SLH 1984. 
VI. RECOMMENDATION 
The Department of Land and Natural Resources recommends that the 
Board adopt the stated conclusion and grant the designation of the Kilauea 
Middle East Rift Zone as a geothermal subzone. 
Dated: Honolulu, Hawaii, November 5, 1985. 
MANABU TAGOMORI 
Manager-Chief Engineer 
Division of Water and Land Development 
Department of Land & Natural Resources 
State of Hawaii 
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STATE OF HAWAII 
In the Matter of the ) G.S. No. 9/26/85-5 
Designation of the Kilauea ) 
Middle East Rift, Island of ) 
Hawaii, as a Geothermal ) 
~R~e~s~o~u~r~c~e-=S~u~b~z~o~n~e~__________) 
Exhibit No. 
1 
2 
3 
EXHIBIT LIST 
Description 
Proposal for Designating the Kilauea Middle East Rift Zone 
(Puna Forest Reserve) and the Kilauea Southwest Rift Zone 
(Pahala) as Geothermal Resource Subzones by the Board of 
Land and Natural Resources. 
Proposed Kilauea Middle East Rift Geothermal 
Subzone (Puna Forest Reserve), Island of Hawaii, 
C-114. (BLNR D/0 appended in C-114) 
Resource 
Circular 
Puna Geothermal Area Biotic Assessment, Puna District, 
County of Hawaii, Final Report, April 1985. 
4 Geothermal Resource Subzone map. 
5 Geothermal Permits and Approvals. 
DATED: Honolulu, Hawaii, November 5, 1985. 
MANABU TAGOMORI 
Manager-Chief Engineer 
Division of Water and Land Development 
Department of Land & Natural Resources 
State of Hawaii 
CERTIFICATE OF SERVICE 
I hereby certify that a copy of the foregoing written testimony of 
Manabu Tagomori, Manager-Chief Engineer of the Division of Water and Land 
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Development, Department of Land and Natural Resources, State of Hawaii, 
was personally served on November 1, 1985, upon the following parties: 
o Benjamin Matsubara and Stephanie Rezents, attorneys 
1717 Pacific Tower, 1001 Bishop Street, Honolulu, Hawaii 96813 
Representing: - Estate of James Campbell (intervenor-applicant) 
- True/Mid-Pacific Geothermal Venture 
(intervenor-applicant) 
o Patricia O'Toole, Deputy Corporation Counsel 
25 Aupum Street, Hilo, Hawaii 96720 
Representing: County of Hawaii; Planning Department 
o Wendell Y. Y. Ing, attorney 
(Ken Kupchak, co counsel) 
209 Kinoole Street, Room 8, Hilo, Hawaii 967 20 
Representing: - Susan Carey (party) 
Diane Ley (party) 
Volcano Community Association (party) 
Lehua Lopez (party) 
Eva Lee (party) 
Louis Whiteaker (party) 
Chiu Leong (party) 
Virginia B. MacDonald (party) 
Debra Hopson (party) 
Ann Markham (party) 
Mike Markham (party) 
Beverly MacCallum (party) 
Matt Luera (party) 
Hawaii Audubon Society (party) 
Sierra Club, Hawaii Chapter (party) 
In addition, the above Prehearing Statement was also served on 
November 1, 1985, via certified mail upon the following parties: 
o l\lae Evelyn Mull (party - representing herself) 
P.O. Box 275, Volcano, Hawaii 96785 
o Frederick Warshauer (party - representing himself) 
P.O. Box 192, Volcano, Hawaii 96785 
o Karl & Melissa Kirkendall (party) 
P.O. Box 428, Pahoa, Hawaii 96778 
o John L. Perreira (party) 
212 Punahele St., Hilo, Hawaii 96720 
o Palikapu Dedman (intervenor-applicant) 
P.O. Box 469, Naalehu, Hawaii 96722 
o Emmett Aluli (Intervenor-applicant) 
P. 0. Box H, Kaunakakai, Hawaii 967 48 
DATED: Honolulu, Hawaii, November 5, 1985. 
MANABU TAGOMORI 
Manager-Chief Engineer 
Division of Water and Land Development 
Department of Land & Natural Resources 
State of Hawaii 
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BE IT E:-l"ACTED BY THE LEGISLATURE OF THE STATE OF HA WAil: 
SECTION 1. The legislature fines that the rights of 
lessees holding geothe~al mining leases ~ssued by the state 
or geothe~al developers holding exploratory and/or 
cevelcprnent permits from either the state or county 
5 government need to be clarified. The legislature fi~ds tbat 
6 the respective roles of ~he state and county gcverr~~ents in 
i connection wit.'l the control of geothe~al C.evelcpment •,yithin 
8 geothe~al resource s~zcnes need to be clarified also. ~he 
9 purpose of tbis Act is to provide such :~r~her 
0 clarification. 
1 SECTICN 2. Section 205-5.1, Hawaii Revised Statutes, 
2 ~s amended to read as follows: 
3 "[[)5205-5.1[)) Gectber.:~al resource subzcnes. (a) 
4 Geother.:~al resource subzones may be designated within [each 
5 of] the u=ban, =ural, acricultu=al and co~se~ation la~d use 
6 districts established under section 205-2. Only these areas 
i 
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designated as geothermal resource subzcnes may be u~ilizeG 
fo= (~he exploration, development, p=oducticn, an~ 
distribution of electrical energy from geothe~al sources,] 
geothermal develoPment activities i.:1 addition to these uses 
permitted in each land ~ district under this chapter. 
Geother:nal develoPment activities mav be oerrnitted within 
urban, rural, acrricultural, and conservation land use 
districts in accordance with this chaoter. "Geother:nal 
develoPment activities" means the exoloration, develooment 
or oroduction of electrical ener~r from geothermal 
resources. 
(b) The board of land and natural resources shall have 
the responsibility for designating areas as geothermal 
resource subzones as pro•1ided under section 205-5.2 [ .)l. 
exceot that the total area within an agricultural district 
which is the subject of a geothermal mining lease aporoved 
by the board of land and natural resources, anv oart or all 
of which area is the subject of a sPecial use oermit issued 
bv the countv for geothermal development activities, on or 
before tbe effective date of this Act is herebv desicrnated 
as a creothermal resource subzone for tbe duration of the 
lease. The designation of geothermal resource subzones 
shall be governed exclusively by this section and 
SMA 
B7426 
' 
. 
' 
P:>.ge __ ...,;3:...._ __ _ 
S.D. 1 
E. D. 1 
C. D. 1 
shall adept, a."'le~d, o= =epeal r"J.les related t:J :.. ts at::t.::cri. ty 
tc designate a~d =egula~e t~e use a= gec~~e=.=a~ =esou==e 
subzones i~ t~e manner provided ~~Cer chapter 91. 
The au~~ority of the board to designate geo~~e~al 
resource subzones shall be an exception to those provisions 
of this chapter and of section 46-4 au~~orizing the land use 
commission and the counties to establish and modify land use 
districts and to regulate uses therein. The orovisions of 
this section shall not abroaate nor su=ersede the orovisions 
of chaoters 182 and 183. 
(c) The use C: an area ,for [the exploration,] 
aeother:nal development[, production and/or distribution of 
electrical energy from geothe~al sources] activities within 
a geothermal resource subzone shall be governed by the board 
wi~~in the conse~ration district and, exceot as herein 
crovided, by (existing] state and co~~ty statutes, 
ordinances, and rules not inconsistent herewith within (the] 
agricultural, rural, and urban districts, except that no 
land use commission approval or soecial use oe~it 
orocedures under section 205-6 shall be required for the use 
of such subzones. [The board and/or appropriate co~~ty 
agency shall, upon request, conduct a contested case hearing 
SMO. 
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pursuant to C::apter 91 prior to the issuance of a seothe=.al 
resource per:nit relating to the exploration, development, 
production, and distribution of electrical energy from 
geothermal resources. The standard for determining the 
weight of the evidence in a contested case proceeding shall 
be by a preponderance of evidence.] In the absence of 
orevisicns in the countv general clan and zcnina ordinances 
soecifioallv relatina to the use and location of aeother:nal 
develooment activities in an agricultural, rural, or urban 
district, the aoorooriate ccuntv authoritY mav issue a 
geothermal resource oerrnit to allow aeotherrnal develccment 
activities. "Aooroc.riate countY autl'loritv" means the countv 
plan.'"lina commission unless some other aaencv or bodv is 
desic:nated bv ordinance of the cou:1.tv council. Such uses as 
are oerrnitted bv countv general olan and zoning ordinances, 
bv the aoorooriate ceuntv authority, shall be deemed to be 
reasonable and to cremate the effectiveness and objectives 
of this chaoter. Chapters 177, 178, 182, 183, 205A, 226, 
342, and 343 shall apply as appropriate. If orovisions in 
the countY c:eneral olan and zenincr ordinances soecifical1v 
relate to the use and location of geothermal develooment 
activities in an aaricultural, rural, or urban district, 
the orovisions shall reauire the aoorooriate ceuntv 
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reauest, a c~n~ested case heari~c ~~=sua~t ~o c~aote= 91, c~ 
anv anol~cat.ion for a ceot!"ler::ta.: :.-escu:cs t:e:=:':l.it t:J 
dete==:1ine tNhet.!'le= the use is :..~ ccnfor:ni t~: wit~ ~!"le 
snecified section 205-5.1(e) for c=anti:;.cr cectl'!er:nal 
rescu=ce ce~its. 
(C.) If ceotherrnal C.evelocrnent activities a::e c::occseC. 
within a conservation district, then, after receict of a 
orocerlv filed. and. comPleted aPclication, the board of lane. 
and natural resources shall conduct a oublic hearinc and., 
uPon accrooriate recuest, a contested case hea::incr oursuant 
to chaoter 91 to determine whether, oursuant to board 
reculations, a ccnse~;ation district use cermit shall be 
crranted to authorize the ceothermal develcornent acti•Jities 
described in the aoolication. 
(e) If ceotherrnal develoornent activities are o::occsed 
within acricultural, ~~ral, or ~rban districts and such 
orocosed activities are not cerrnitted uses oursuant to 
count•; ceneral clan and zoni.:1cr ordi.:1ances, then a.=ter 
recsiot of a -orccerlv fi1eC. a:1d ccm-cleted acclica-ticn, the 
aoorooriate ccu.:1tv authoritv shall conduct a ':lublic hearincr 
anC, u~cn a~c=co=iate recuest, a ccn~ested case hea=inc 
':lursuant to chaoter 91 to determine whether a ceotherrnal 
::escur~e cerrnit shall be cranted to authorize the ceothe::rnal 
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develccrnen~ activi~ies described in ~~e acolicaticn. 
aoorccriate ccuntv authori tv shall crant a c:eat~er::-~al 
resource oe~it i= it finds that aoolicant has demonstrated 
bv a oreoonderance of the evidence that: 
(1) The desired uses would net have unreasonable 
adverse health, environmental, or socio-economic 
effects on residents or surroundincr prccertv; and 
(2) The desired uses would not unreasonablv burden 
oublic acrencies to Provide roads and streets, 
sewers, water, drainacre, school imorovements, and 
police and fire Protection; and 
(3) That there are reasonable measures available to 
miticrate the unreasonable adverse effects or 
burdens referred to above. 
Unless there is a mutual acrreement to extend, a 
decision shall be made on the aoolication bv the aoorcoriate 
countv authoritv within six months of the date a comolete 
aPPlication was filed; Provided that if a contested case 
hearincr is held, the final Permit decision shall be made 
within nine months of the date a comolete aoolication was 
filed." 
SEC':'ICN 3. Not•.vi thstanding the provisions of 
section 205-5.2, Hawaii Revised Statutes, regarding 
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maps at~ached to the Cca=d of la~d ar.d ~atural resou=ces 
decision ~~d order, dated FebruarJ 25, 1983, which was the 
subject of a conservation district use pe~it. The 
assessment shall be in accordance with all provisions of 
Act 296, Session Laws of Hawaii 1983, regarding the 
procedures and standards for designation of an area as a 
geothe~al resource subzone. The board of land and natural 
resources shall make its determination regarding the 
designation of all or any portion of the abovementioned 
area, as a geothe~al resource subzone, on or before 
December 31, 1984 . 
SECTION 4 . If any provision of this Act or the 
application thereof to any person or circ~stance is held 
invalid, the invalidity does not affect other provisions or 
applications of the Act which can be given effect without 
the invalid provision or application, and to this end the 
provisions of this Act are severable. 
SECT::CN 5. Statutory material to be repealec! is 
bracke~ed. ~ew material is underscore<:!. 
SECTION 6. This Act shall take effect upon its 
approval. 
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STATE OF HAWAII 
RELATING TO GEOTHERMAL ENERGY. 
903 
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BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF HAWAII: 
SECTION 1. The legislature finds that the development 
and exploration of Hawaii's geothermal resources is of 
statewide concern, and that this interest must be balanced 
with interests in preserving Hawaii's unique social and 
natural environment. The purpose of this Act is to provide 
a policy that will assist in the location of geothermal 
resources development in areas of the lowest potential 
environmental impact. 
SECTION 2. Section 182-4, Hawaii Revised Statutes, is 
a~ended to read as follows: 
"§182-4 Mining leases on state lands. ~ If any 
mineral is discovered or known to exist on state lands, any 
interested person may notify the board of land and natural 
resources of his desire to apply for a mining lease. The 
notice shall be accompanied by a fee of $100 together with a 
description of the land desired to be leased and the 
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minerals involved and such information and maps as the board 
2 by regulation may prescribe. As soon as practicable 
3 thereafter, the board shall cause a notice to be published 
4 in a newspaper of general circulation in the county where 
5 the lands are located, at least once in each of three 
6 successive weeks, setting forth the description of the land, 
7 and the minerals desired to be leased. The board may hold 
I 
8 the public auction of the mining lease within six months 
9 from the date of the first publication of notice or such 
10 further t.:.me as may be reasonably necessary. Whether or not 
11 the state land sought to be auctioned is then being utilized 
I~ or put to some productive use, the board, after due notice 
13 of public hearing to all parties in interest, within six 
14 weeks from the date of the first publication of notice or 
15 such further time as may be reasonably necessary, shall 
16 determine whether the proposed mining operation or the 
17 existing or reasonably foreseeable future use of the land 
IS would be of greater benefit to the State. If the board 
19 determines that the existing or reasonably foreseeable 
20 future use would be of greater benefit to the State than the 
21 proposed mining use of the land, it shall disapprove the 
application for a mining lease of the land without putting 
23 the land to auction. 
24 
SMA-COOS 
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The board shall determine the area to be offered for 
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2 lease and, after due notice of public hearing to all parties 
3 in interest, may modify the boundaries of the land areas. 
4 At least thirty days prior to the holding of any public 
5 auction, the board shall cause a notice to be published in a 
6 newspaper of general circulation in the State at least once 
i in each of three successive weeks, setting forth the 
I 
8 description of the land·: the minerals to be leased, and the 
9 time and place of the auction. Bidders at the public 
10 
II 
12 
13 
15 
16 
li 
18 
19 
20 
21 
23 
24 
·s 
auction may be required to bid on the amount of annual 
rental to be paid for the term of the mining lease based on 
an upset price fixed by the board, a royalty based on the 
gross proceeds or net profits, cash bonus, or any 
combination or other basis and under such terms and 
conditions as may be set by the board. 
(b) Anv provisions to the contrary notwithstanding, if 
the Person who discovers the mineral discove~s it as a 
result of exploration permitted under section 182-6, and if 
that Person bids at the public auction on the mininq lease 
for the riqht to mine the discovered mineral and is 
unsuccessful in obtaining such lease, that Person shall be 
reimbursed bv the person submitting the hiqhest bid at 
public auction for the direct or indirect costs incurred in 
SMA-COOS 
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the exPloration of the land, excluding salaries, attorney 
fee's and leaal exPenses. The department shall have the 
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authoritv to review and approve all exPenses and costs that 
may be reimbursed." 
SECTION 3. Chapter 205, Hawaii Revised Statutes, is 
amended by adding new sections to be appropriately 
designated and to read as follows: 
"§205- Geothermal Resource Subzones. ~ 
Geothermal resource subzones mav be designated within each 
of the land use districts established under section 205-2. 
Onlv those areas desianated as geothermal resource subzones 
may be utilized for the exploration, development, 
production, and distribution of electrical enerav from 
aeothermal sources, in addition to those uses permitted in 
each land district under this chapter. 
(b) The board of land and natural resources shall have 
the resoonsibilitv for desianating areas as aeothermal 
resource subzones as provided under section 205- The 
desionation of oeothermal resource subzones shall be 
governed exclusivelY by this section and section 205-
excePt as Provided therein. The board shall adoPt, amend, 
or repeal rules related to its authority to designate and 
SMA-COOS 
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reaulate the use of geothermal resource subzones in the 
2 manner provided under chapter 91. 
3 The authority of the board to desianate geothermal 
903 
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~ resource subzones shall be an exception to those provisions 
5 of this chaPter and of section 46-4 authorizing the land use 
6 commission and the counties to establish and modify land use 
i districts and to reaulate uses therein. 
8 (c) The use of an area for the exploration, 
9 develoPment, Production and/or distribution of electrical 
10 eneray from aeothermal sources within a aeothermal resource 
I I subzone shall be aoverned bv the board within the 
12 conservation district and by existing state and county 
13 statutes, ordinances, and rules within the aaricultural, 
rural, and urban districts, excePt that no land use 
15 commission aPProval·shall be reauired for the use of 
16 subzones. The board and/or aoorooriate countv aaencv shall, 
17 uoon recruest, conduct a contested case hearincr oursuant to 
18 chapter 91 prior to the issuance of a aeothermal resource 
19 permit relatina to the exploration, develoPment, production, 
20 and distribution of electrical eneray from aeothermal 
21 resources. The standard for determinina the weiaht of the 
evidence in a contested case proceeding shall be by a 
23 
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preponderance of evidence. Chapters 183, 205A, 226, and 343 
shall aPplv as appropriate. 
§205- Desianation of areas as Geothermal Resource 
Subzones. (a) Beainning in 1983, the board of land and 
natural resources shall conduct a county-bv-countv 
assessment of areas with aeothermal potential for the 
purpose of designating aeothermal resource subzones. This 
( 
assessment shall be revised or uPdated at the discretion of 
the board, but at least once each five years beainning in 
1988. Any propertv owner or Person with an interest in real 
proPertv wishing to have an area designated as a aeothermal 
resource subzone mav submit a petition for a aeothermal 
resource subzone desianation in the form and manner 
established by rules and reaulations adoPted by the board. 
An environmental imPact statement as defined under chapter 
343 shall not be reauired for the assessment of areas under 
this section. 
(b) The board's assessment of each potential 
aeothermal resource subzone area shall examine factors to 
include, but not be limited to: 
(1) The area's potential for the production of 
aeothermal enerav; 
(2) The prospects for the utilization of aeothermal 
enerav in the area; 
SMA-COOS 
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(3) The geoloqic hazards that potential geothermal 
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2 projects would encounter; 
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(4) Social and environmental imPacts; 
(5) The comPatibilitv of geothermal develoPment and 
potential related industries with present uses of 
surrounding land and those uses permitted under 
the general plan or land use policies of,the 
countv in which the area is located; 
(6) The potential economic benefits to be derived from 
geothermal develoPment and potential related .' 
industries; and 
( 7 )· The comPa tibili tv of geothermal develooment and 
potential related industries with the uses 
permitted under sections 183-41 and 205-2, where 
the area falls within a conservation district. 
In addition, the board shall consider, if aPPlicable, 
objectives, policies and auidelines set forth in part I of 
chanter 205A, and the orovisions of chanter 226. 
(c) Methods for assessina the factors in subsection 
(b) shall be left to the discretion of the board and mav be 
based on currentlv available public information. 
(d) After the board has comPleted a countv-bv-countv 
assessment of all areas with geothermal potential or after 
SHA-COOS 
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any subseauent update or review, the board shall compare all 
2 areas showing geothermal potential within each county, and 
3 shall propose areas for potential designation as geothermal 
4 resource subzones based upon a preliminarv finding that the 
5 areas are those sites which best demonstrate an acceotable 
6 balance between the factors set forth in subsection (b). 
7 Once such a orooosal is made, the board shall conduct oublic 
8 hearinas pursuant to this subsection, notwithstandina anv 
9 contrary provision related to public hearing procedures. 
IO (1) Hearinas shall be held at locations which are in 
I I close proximitv to those areas proPosed for 
I2 desianation. A public notice of hearina, 
I3 includina a description of the Proposed areas, an 
1-! invitation for public comment, and a statement of 
IS the date, time, and place where Persons mav be 
I6 heard shall be published and mai~ed no less than 
17 twentv davs before the hearina. The notice shall 
IS be published on three seoarate davs in a newsoaoer 
I9 of aeneral circulation state-wide and in the 
20 countv in which the hearina is to be held. Cooies 
2I of the notice shall be mailed to the dePartment of 
plannina and economic development, and the 
SMA-COOS 
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planning commission and planning department of the 
county in which the proposed areas are located. 
(2) The hearing shall be held before the board, and 
the authority to conduct hearinqs shall not be 
deleqated to any agent or rePresentative of the 
board. All persons and agencies shall be afforded 
the OPPOrtunity to submit data, views, and 
' 
arguments. ei-ther orally or in writing. The 
dePartment of planning and economic develoPment 
and the county planning dePartment shall be 
permitted to aoPear at everv hearing and make 
recommendations concerning each oroposal by the 
board. 
(3) At the close of the hearing, the board may 
designate areas as geothermal resource subzones or 
announce the date on which it will render its 
decision. The board mav desionate areas as a 
oeothermal resource subzones onlv UPon finding 
that the areas are those sites which best 
demonstrate an acceptable balance between the 
factors set forth in subsection (b) . UPon 
reouest, the board shall issue a concise statement 
SMA-COOS 
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of its findinos and the princiPal reasons for its 
decision to designate a Particular area. 
3 (e) The designation of any geothermal resource subzone 
4 mav be withdrawn bv the board of land and natural resources 
5 after proceedinos conducted pursuant to the provisions of 
6 chapter 91. The board shall withdraw a designation onlv 
i uoon findinq bv a oreoonderence of the evidence that the 
8 area is no lonaer suited for desianation, provided that the 
9 designation shall not be withdrawn for areas in which active 
10 exploration, development, Production or distribution of 
11 electrical enerav from geothermal sources is takina olace. 
12 (f) This Act shall not apPly to anv active 
13 exploration, develooment or oroduction of electrical eneray 
from geothermal sources taking Place on the effective date 
15 of the Act, Provided that anv expansion of such activities 
16 shall be carried out in comPliance wit!: its crovisions." 
17 SECTION 4. Statutory material to be repealed is 
18 bracketed. New material is underscored. 
19 SECTION 5. If any provision of this Act, or the 
application there.of to any person or circumstance is held 
21 invalid, the invalidity does not affect other provisions or 
22 applications of the Act which can be given effect·without 
23 
24 
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the invalid provision or application, and to this end the 
2 provisions of this Act are severable. 
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SECTION 6. This Act shall take effect upon its 
approval. 
Appro•e.l L>f 1"• 
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A. MINUTES 
AGENDA 
FOR THE MEETING OF THE 
BOARD OF LAND AND NATURAL RESOURCES 
DATE: 
TIME: 
PLACE: 
NOVEMBER 16, 1984 
9:00A.M. 
KALANIMOKU BUILDING 
RM. 132, BOARD ROOM 
1151 PUNCHBOWL STREET 
HONOLULU, HAWAII 
SEPTEMBER 14, 1984 
D. DIVISION OF WATER AND LAND DEVELOPMENT 
1. NATIONAL FLOOD INSURANCE PROGRAM 
2. SOIL AND WATER CONSERVATION DISTRICT DIRECTORS 
3. PERMISSION TO ENGAGE THE SERVICES OF A CONSTRUCTION 
MANAGEMENT CONSULTANT FOR JOB NO. 2-HW-21, RENOVATION 
OF UPPER HAMAKUA DITCH AND CONSTRUCTION OF ACCESS ROAD, 
WAIMEA IRRIGATION SYSTEM, SOUTH KOHALA, HAWAII 
4. DESIGNATION OF GEOTHERMAL RESOURCE SUBZONE, KAPOHO SEC-
TION, LOWER KILAUEA RIFT ZONE, ISLAND OF HAWAII 
5. DESIGNATION OF GEOTHERMAL RESOURCE SUBZONE, KAMAILI 
SECTION, LOWER KILAUEA EAST RIFT ZONE, ISLAND OF 
HAWAII 
6. DESIGNATION OF GEOTHERMAL RESOURCE SUBZONE, HALEAKALA 
SOUTHWEST RIFT ZONE, ISLAND OF MAUl 
E. DIVISION OF STATE PARKS 
1. PERMISSION TO ADVERTISE FOR BIDS, JOB NO. 24-KP-22, 
ASPHALT CONCRETE PAVING, KOKEE STATE PARK, WAIMEA, KAUAI 
2. REQUEST TO USE AINA MOANA STATE RECREATION AREA FOR FUND 
RAISING FUN RUN 
F. DIVISION OF LAND MANAGEMENT 
1. TRANSMITTAL OF DOCUMENTS FOR BOARD CONSIDERATION: 
(A) BONIFACE KEKAHUNA, SR. APPLICATION FOR R.P., HONOPOU, 
HAMAKUALOA, MAKAWAO, MAUl 
(B) HAWAII WING, CIVIL AIR PATROL, REQUEST FOR CONSENT 
TO AGREEMENT WITH C&C OF HONOLULU FOR USE OF PORTIO~l 
OF G.L. NO. S-4487, WAIANAE, OAHU 
(C) LARRY KOMATA REQUEST FOR CONSENT TO ASSIGN, G.L. 
NO. S-4334 COVERING LOT 10, PANAEWA FARM LOTS, 2ND 
SERIES, WAIAKEA, SO. HILO, HAWAII 
State of Hawaii 
DEPAHTMENT OF LAND AND NATURAL RESOURCES 
Division of Water and Land Development 
Honolulu, Ilawaii 
November 16, 1984 
Chairperson and ~!embers 
Board of Land and Natural Resources 
State of Hawaii 
llonolulu, Hawaii 
Gentlemen: 
Designation of Geothermal Resource Subzone 
Kapoho Section, Lower Kilauea East Rift Zone, Island of Hawaii 
Pursuant to Act 296, Session Laws of Hawaii 1983, and Act 151, Ses--
sion Laws of Hawaii 1984, the Department of Land and Natural Resources 
initiated staff work in early 1983 for the designation of geothermal resource 
subzones in the State of Hawaii by the Board of Land and Natural Re-
sources. The objective of establishing sub zones is to allow geothermal 
resource exploration, development, and production of electrical energy 
to take place in areas having low impacts to social, economic, environmental, 
geological hazards, compatibility with surrounding land uses and other 
related aspects of interest to the communities, the County, and the State. 
The Department's staff with assistance from a geothermal resource 
technical committee and a consultant completed the following work tasks: 
assessment of available information on geothermal resources in Hawaii; 
promulgated the Administrative Rules on geothermal resource subzones; 
assessment of geothermal resources in the State of Hawaii on a 
county-by-county basis; conducted impact analysis on social, economic, 
environmental, geologic hazards, compatibility to existing and planned land 
uses, and the relationship to other State and County programs. 
The staff conducted several community meetings to discuss those areas 
identified as having potential geothermal resources to produce electrical 
energy and the various components relating to impacts to the communities, 
County and the State. The staff presented the information to the Board 
and subsequently a "Proposal for Designating Geothermal Resource Sub-
zones" was issued by the Board in July 1984. 
The Board proposed that the Kapoho Section of the Lower Kilauea East 
Rift Zone, Island of Hawaii, covering an area of 5211 acres be a candidate 
for designation as a geothermal resource subzone. Public hearings on the 
proposal was conducted by the Board on September 11-12, 1984. The 
majority of testimonies received were in support of the Board's proposal and 
are summarized as follows: 
• Increased energy self-sufficiency for the State of Hawaii and less 
dependence on foreign fuel imports. 
• The creation of new jobs and added revenue to the State. 
• Development of additional industries which could utilize geothermal 
by-products and energy. 
• Recommendation that the Board move with great urgency in the 
designation of geothermal resource sub zones. Eliminating delays will 
help control costs and expedite the development of feasible alternate 
energy and improve the economic climate of the State. 
ITE~1 D-t~ 
·' 
The testimonies submitted that were in opposition to the proposal arE> 
summarized below: 
• Potential health hazards and adverse effects resulting from geothermal 
emissions, such as air, noise and water catchment pollution. 
• Potential destruction of native forests and impacts on endangered flora 
and fauna. 
• Incompatibility with existing land uses and community setting including 
scenic and aesthetic qualities. 
Upon review of all submitted testimonies, the staff concluded that all 
environmental concerns related to the designation of geothermal resource 
subzones can be readily mitigated through proper planning and current 
technology. The use of abatement systems and compliance with existing and 
proposed Department of Health Standards can insure public safety. In 
addition, appropriate mitigation measures can be required during 
subsequent State and County permitting to be imposed on a case-by-case 
basis to eliminate or minimize potential adverse effects. 
RECO~~MENDATJON: 
That the Board designate the Kapoho Section of the Lower Kilauea East 
Rift Zone, Island of Hawaii, containing 5211 acres of land as a geothermal 
resource subzone. The boundaries of the subzone are shown on the 
attached Exhibit "A" and further identified by Tax Map Key in Exhibit "B". 
Attach. 
APPROVED FOR SUBMITTAL: 
susL9"bP"'"" 
lie,peeUully e~bmiHe~ 
ROBERT T. CHUCK 
Manager-Chief Engineer 
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IB
IT A
 
·' 
KILAUEA LOWER EAST RIFT 
(Kapoho Section) 
Island of Hawaii 
Owner I Lessor 
T~1K Lessee Area 
Portion of 1-4-01-10 Kapoho Land & Dev. Co. Ltd. *258.69 ac. 
1-4-01-13 Kapoho Land & Dev. Co. Ltd. 3.21 ac. 
Portion of 1-4-01-17 Tokyu Land Dev. Hawaii Inc. *801. 24 ac. 
Portion of 1-4-01-21 Murphy, John E.' eta! *15.95 ac. 
Portion of 1-4-01-26 Reid, Randolph K. I Laurie B. *1. 01 ac. 
Portion of 1-4-01-27 Torigoe, TakeoiKimiko s. *2.41 ac. 
Reid, Randolph K. I Laurie B. 
Portion of 1-4-01-28 Imaino, Paul M. *0.69 ac. 
Portion of 1-4-01-31 Shinde, Tsurue *5.44 ac. 
Portion of 1-4-01-32 Shinde, Tsurue *5.35 ac. 
Portion of 1-4-01-33 Klingenstein, Clara L. *17.51 ac. 
R.C. Roberts and Co. 
Kenny, Duane 
Portion of 1-4-01-40 Klingstein, Clara L. *8.47 ac. 
Portion of 1-4-01-46 Rierson, Ronald V. *3.54 ac. 
Portion of 1-4-01-55 Plumeria Farms & Ent. Inc. *9.39 ac. 
Portion of 1-4-01-56 Yamada, Ryuichil A. , eta! *3.58 ac. 
Teasdale, Raymond 
1-4-01-64 Tokyu Land Dev. Hawaii Inc. 40.10 ac. 
1-4-01-65 Tokyu Land Dev. Hawaii Inc. 40.03 ac. 
1-4-01-66 Tokyu Land Dev. Hawaii Inc. 40.01 ac. 
1-4-01-67 Tokyu Land Dev. Hawaii Inc. 40.00 ac. 
1-4-01-68 Tokyu Land Dev. Hawaii Inc. 40.02 ac. 
1-4-01-69 Tokyu Land Dev. Hawaii Inc. 40.02 ac. 
1-4-01-71 Tokyu Land Dev. Hawaii Inc. 40.00 ac. 
EXHIBIT B 
·' 
Tl\IK 
1-4-01-72 
1-4-01-73 
1-4-01-74 
1-4-01-75 
1-4-01-76 
1-4-01-77 
1-4-01-78 
1-4-01-79 
Portion of 1-4-01-81 
1-4-02-2 
1-4-02-18 
1-4-02-32 
Portion of 1-4-02-34 
Portion of 1-4-02-37 
Portion of 1-4-02-67 
Portion of 1-4-02-68 
1-4-05-1 
1-4-05-2 
1-4-05-4 
Portion of 1-4-05-18 
1-4-05-22 
1-4-05-23 
Tokyu 
Tokyu 
Tokyu 
Tokyu 
Tokyu 
Tokyu 
Tokyu 
Tokyu 
Owner I Lessor 
Lessee 
Land Dev. Hawaii 
Land Dev. Hawaii 
Land Dev. Hawaii 
Land Dev. Hawaii 
Land Dev. Hawaii 
Land Dev. Hawaii 
Land Dev. Hawaii 
Land Dev. Hawaii 
Inc. 
Inc. 
Inc. 
Inc. 
Inc. 
Inc. 
Inc. 
Inc. 
Reid, Randolph K. I Laurie B. 
Kapoho Land & Dev. Co. Ltd. 
Kapoho Land & Dev. Co. Ltd. 
Kapoho Land & Dev. Co. Ltd. 
Richfield of Hawaii Inc., eta! 
B. P. Bishop Tr. Est. 
Ikeda, Leighton 
Kealoha, James/Miulan Y. 
Pa 0 Puna Farm Ltd. 
Kealoha, James/ l\liulan Y. 
Pa 0 Puna Farm Ltd. 
Swain, Rose P.K., eta! 
Young, Tim Hu/Eiizabeth 
Elderts, William Sr. Estate 
Elderts, Herman K. 
Worswick, John W./Lorna l\1. 
Kenoi, Nellie Hookano 
McBride, Grace 
Aiona, Keai Kualapai 
Aiona, Aka Agnes K. 
-2-
Area 
81.85 ac. 
40.01 ac. 
80.00 ac. 
80.15 ac. 
40.01 ac. 
40.01 ac. 
40.00 ac. 
40.24 ac. 
*1.17 ac. 
1089.30 ac. 
454.89 ac. 
444.50 a c. 
*323.56 ac. 
*36.00 a c. 
*19.77 DC. 
*66.86 EtC. 
30.91 ac. 
2.47 ac. 
1.00 ac. 
*1.35 ac. 
2.00 D.C. 
1.00 ac. 
·' 
TMK 
1-4-05-25 
1-4-05-29 
1-4-05-31 
1-4-06-1 
1-4-06-2 
1-4-06-8 
1-4-06-9 
1-4-06-10 
1-4-06-11 
1-4-06-12 
1-4-06-13 
1-4-06-15 
1-4-06-16 
1-4-07-2 
1-4-07-3 
1-4-07-4 
1-4-07-5 
1-4-07-6 
1-4-07-7 
1-4-08-1 
1-4-08-2 
Owner/Lessor 
Lessee 
~Ia thews, Margaret A. F. 
Chong, Wing K. , eta! 
Akoni, l\ilargaret B. , eta! 
Akoni, Margaret B. 
Akahori, Ted S. 
Makino, Eugene/ Kazue 
!Vlakino, Kazue 
State of Hawaii 
Tanaka, Chiyoki 
Nakahara, Hisako T . , eta! 
Yukitomo, r,Jasako 
Saga, Manubu/Tamiko 
Saga, ~lanabu 
l\lasuda, Takeo 
Shimizu, Miki, eta! J. T. 
Shimizu, Kaoru 
State of Hawaii 
State of Hawaii 
Matsumoto, Hi sa yo, etal 
Uyeda, !VIa sao/ Yukiko K. 
Herbst, Arthur G./Jeanne D. 
Israel, Aaron L. 
Sakaguchi, Jojin1isako 
Herbst, Arthur G. , etal 
Pommerenk, Gregory C. , etal 
Ching, Reginald K. Y. 
(1) Tanioka, lsami Trs. 
(2) Tanioka, lsami Trs. 
Kawaguchi, Harold Y. :Vlildred 
-3-
Area 
1.00 ac. 
15.00 ac. 
• 7 3 ac. 
.40 ac. 
. 28 ac. 
.17 ac. 
.36 nc. 
• 82 ac. 
.94 ac. 
1. 05 ac. 
.51 ac. 
0.00083 ac. 
0.38 ac. 
.037 ac. 
.042 ac. 
• 65 ac. 
0.51 ac. 
• 99 ac. 
.019 ac. 
.07 ac. 
.19 ac. 
0.86 ac. 
·' 
Tl\1K 
1-4-08-3 
1-4-08-4 
1-4-08-5 
1-4-09-2 
1-4-09-3 
1-4-09-4 
1-4-09-5 
1-4-09-6 
1-4-09-7 
1-4-09-8 
1-4-09-9 
1-4-12-1 
1-4-12-2 
1-4-12-3 
1-4-12-4 
1-4-12-5 
1-4-12-6 
1-4-12-7 
1-4-13-1 
1-4-13-2 
1-4-13-3 
1-4-13-4 
1-4-13-5 
1-4-13-6 
Owner I Lessor 
Lessee 
Shimasaki, Yasu, eta!, J. T. 
Saga, Kuniji ~1r. /Mrs. 
Takeguchi, Yutaka 
Mansfield, Charles F. 
Seiji, Kawate, eta! J. T. 
Fukumoto, Kijiro/ T. 
Chun, Stanley I Katherine 
Uyeki, Kametaro/ Hajime 
Uyeki, Henry K. 
Nakamura, Haruo/ Sumiko 
Seki, Yoshikazu/ Utako 
State of Hawaii 
Niiya, Kazuo I May M. 
Kapoho Land & Dev. Co., Ltd. 
Hoffman, Philip 
Willhite, Jean B. Trustee 
Willhite, Jean B. Trustee 
DeLuz, David S. 
Markham, Steven R.' eta! 
Kapoho Land & Dev. Co. Ltd. 
Nuha, S usm u I Y oshiko 
Nuha, Sam 
Krueger, William E. 
Lae Lae Joint Venture 
Huelskamp, Richard F., eta! 
Huelskamp, Richard F./Carol D. 
Huelskamp, Richard F. ' eta! 
-4-
Area 
0.48 ac. 
.94 ac. 
1.11 ac. 
.85 ac. 
0.67 ac. 
0.39 ac. 
0.39 ac. 
0.44 ac. 
0.33 ac. 
0.45 ac. 
0.12 ac. 
5.45 ac. 
2.59 ac. 
1.53 ac. 
2.04 ac. 
11.85 ac. 
24.43 ac. 
2.04 ac. 
5.27 ac. 
7.34 ac. 
15.30 ac. 
0.09 ac. 
4.09 ac. 
9.75 ac. 
" 
TMK 
1-4-13-7 
1-4-14-1 
1-4-14-2 
1-4-14-3 
1-4-14-4 
1-4-14-5 
1-4-14-6 
1-4-14-7 
1-4-14-8 
1-4-14-9 
1-4-14-10 
1-4-14-11 
1-4-14-12 
1-4-14-13 
1-4-14-14 
1-4-14-15 
1-4-15-1 
1-4-15-2 
1-4-15-3 
1-4-15-4 
1-4-15-5 
1-4-15-6 
1-4-15-7 
1-4-15-8 
Owner I Lessor 
Lessee 
Kapoho Land & Dev. Co. 
Santo Nobuchikal Sachiyo 
Higa, Robert Y. ISayoko 
Higa, Robert Y. ISayoko 
Kamei, l'llasami 
Kamei, Umeki, eta! 
Jacinto, lVlanuel 
Kamei, Umeki, eta! 
Jacinto, Manuel 
Dote, James Tadashi 
Dote, James Tadashi 
Iwata, Isamul E. 
Iwata, Raymond H. 
Kapoho Land & Dev. Co. 
Kapoho Land & Dev. Co. 
Tanioka, Is ami Trustee 
Ltd. 
N. 
N. 
Ltd. 
Ltd. 
Tanioka, I. Transp. & Farm Inc. 
lVIiyose, Myles I Morris 
Kapoho Land & Dev. Co. Ltd. 
Bishop Trust Co. Ltd. Trs. 
Santo, Tsuyoshi 
Sakaguchi, J oji I Misako 
Santo, Tsukasal Masayo 
Dote, James Tadashi 
Kapoho Land & Dev. Co. Ltd. 
Kapoho Land & Dev. Co. Ltd. 
Yoza, Allan M. 
-5-
Area 
2.08 ac. 
0,44 ac. 
5.96 ac. 
5.55 ac . 
. 49 ac. 
10.58 ac. 
3.66 ac. 
2.19 nc. 
2. 94 ac. 
5.19 .1C. 
7.39 ac. 
2.22 ac. 
,70 ac. 
13.61 ac. 
1.45 ac . 
. 06 ac. 
7.21 ac. 
3.92 ac. 
19.51 ac. 
11.63 ac. 
14.41 ac. 
1.85 ac. 
.56 ac. 
3.02 ac. 
TMK 
1-4-15-9 
1-4-15-10 
1-4-16-1 
1-4-16-2 
1-4-16-3 
1-4-16-4 
1-4-16-5 
1-4-16-6 
1-4-16-7 
1-4-16-8 
1-4-16-9 
1-4-17-10 
1-4-16-11 
1-4-16-12 
1-4-16-13 
1-4-17-1 
1-4-17-2 
1-4-17-3 
1-4-17-4 
1-4-17-5 
1-4-17-6 
Santo, 
Owner I Lessor 
Lessee 
Tsuyoshi 
Kapoho Land & Dev. Co. 
Duff, Ruth l\1. 
Kapoho Land & Dev. Co. 
Kapoho Land & Dev. Co. 
Kapoho Land & Dev. Co. 
Ltd. 
Ltd. 
Ltd. 
Ltd. 
Hiwa Hiwa A Joint Venture 
l\laus, River R., eta! 
Hicks, Douglas J. 
Kapoho Land & Dev. Co. Ltd. 
Kapoho Land & Dev. Co. Ltd. 
Honda, Melvin T. /i(ayleen K. 
Thermal Power Co., eta! 
Fukumoto, Kijirol Teru 
Thermal Power Co., eta! 
Namba, Kenneth H. 
Thermal Power Co. 
Kapoho Land & Dev. Co. Ltd. 
Kobayashi, Y oshimil Kazuko 
Thermal Power Co., eta! 
Terry Schoneberg Inc. 
French, Thomas. B. 
Frink, William E. , eta! 
Kapoho Land & Dev. Co. Ltd. 
Duff, Ruth M. 
Kiffe, J. w •• eta! 
K.G.C. A Joint Venture 
Conboy, Elmer I Marigold 
Sarhanis, Andrew J. 
Iwata, Raymond H. I J. R. 
-6-
Area 
.73 ac . 
• 34 ac. 
17.7 4 ac. 
5.49 ac. 
6.01 ac. 
.24 ac. 
4.43 nc. 
8.16 ac. 
6.02 ac. 
1. 33 ac. 
9.70 ac. 
9.45 ac. 
10.85 ac. 
2.08 ac. 
2.00 ac. 
5.70 a c .. 
4.84 ac. 
32.10 ac. 
5. 71 ac. 
4.33 ac. 
4.91 ac. 
TMK 
1-4-17-7 
1-4-17-8 
1-4-17-9 
1-4-17-10 
1-4-17-11 
1-4-17-12 
1-4-17-13 
1-4-18-1 
1-4-18-2 
1-4-18-3 
1-4-18-4 
1-4-18-5 
1-4-18-6 
1-4-18-7 
1-4-18-8 
1-4-18-9 
1-4-18-10 
1-4-18-11 
Owner I Lessor 
Lessee 
Altman, Dale I Margaret 
Iwata, Akira, eta! 
Thermal Power Co., eta! 
Promised Land Corp. 
Wengerd T. I Lyman L. 
Pommerenk, Albert IT. G. 
Duff, William Lee 
Waiau, Gilbert, etal 
Iwata, Akira, etal 
Thermal Power Co., eta! 
Kapoho Land & Dev. Co. Ltd. 
Iwata, Isamul E. H. 
Thermal Power Co., eta! 
Iwata, Isamul Edith H. 
Thermal Power Co., eta! 
Uyeda, Tsuneo, eta! 
Uyeda, Edward T. 
Uyeda, Tsuneo, eta! 
Uyeda, Edward T. 
Kobayashi, HideoiYoshimi 
Thermal Power Co., eta! 
Schaumburg, Dale P. , eta! 
Miyatake, Shiryol Sa dame 
Thermal Power Co., eta! 
Miyatake, ShiryoiSadame 
Thermal Power Co., eta! 
Iwata, Akira, eta! 
Thermal Power Co. , eta! 
Iwata, Akira, eta! 
Thermal Power Co. , eta! 
White, Clayton, etal 
-7-
Area 
5.33 ac. 
4.96 ac. 
4.86 ac. 
4.32 ac. 
7.46 ac. 
1.37 ac. 
4.27 ac. 
3.44 ac. 
13.49 ac. 
3.01 ac. 
2.09 ac. 
5.50 ac. 
10.29 ac. 
7.81 ac. 
4.37 ac. 
4. 77 ac. 
3.46 ac. 
13.62 ac. 
TMK 
1-4-18-12 
1-4-18-13 
1-4-18-14 
1-4-19-1 
1-4-19-2 
1-4-19-3 
1-4-19-4 
1-4-19-5 
1-4-19-6 
1-4-19-7 
1-4-19-8 
1-4-19-9 
1-4-19-10 
1-4-19-11 
1-4-19-12 
1-4-19-13 
1-4-20-1 
1-4-20-2 
1-4-20-3 
1-4-20-4 
1-4-20-5 
Owner I Lessor 
Lessee 
Kapoho Land & Dev. Co. Ltd. 
Iwata, Isamu/Edith H. 
Thermal Power Co., eta! 
Kapoho Land & Dev. Co. Ltd. 
Higashi, Masakichi/ Kimie 
Thermal Power Co., eta! 
Kawate, Robert l\1. , eta! 
Thermal Power Co., eta! 
Kawate, Randy/Karen 
Kobayashi, Hideo/ Yoshimi 
Thermal Power Co., eta! 
Uyeda, Tsuneyo, eta! 
r,iatsuura, Clarence, eta! 
Yam ada, Katsuyu 
Ching, Reginald K. Y. 
Ching, Reginald K. Y. 
Landt, !\lark R. 
Ikeda, Mervin K. I Elinor N. 
Kapoho Land & Dev. Co. Ltd. 
A Small Piece of Haw. Ltd. 
Bryant, Nancy M. 
Ching, Reginald K. Y. 
Kapoho Land & Dev. Co. Ltd. 
Kamei, Umeko, eta! 
Marthaller, C. R. IF. J. 
Wood, Nathan C./Janet C. 
Weeks, Donald D. I Junko 
Shimasaki, Yutaka 
Cohen, Rudolf A. I Joyce 
-8-
Area 
1.91 ac. 
1.11 ac. 
1.28 ac. 
8.39 ac. 
19.89 ac. 
15.87 ac. 
11.66 ac. 
4.45 ac. 
8.10 nc .. 
1.55 ac. 
8,80 ac .. 
1.70 ac. 
.39 ac. 
.22 ac. 
• 21 ac. 
.04 ac. 
8. 40 a c. 
1.03 ac. 
3.00 ac. 
2. 90 ac. 
3.59 ac. 
TI\IK 
1-4-20-6 
1-4-20-7 
1-4-20-8 
1-4-20-9 
1-4-20-10 
1-4-20-11 
1-4-20-12 
1-4-21-1 
1-4-21-2 
1-4-21-3 
1-4-21-4 
1-4-21-5 
1-4-21-6 
1-4-21-7 
1-4-21-8 
1-4-22-1 
1-4-22-2 
1-4-22-3 
1-4-22-4 
1-4-22-5 
1-4-22-6 
1-4-22-7 
Owner/Lessor 
Lessee 
Kapoho Land & Dev. Co. 
Kuwahara, Akisuke, eta! 
Thermal Power Co. Ltd. 
Tanoue Tado/Yuriko, eta! 
Ltd. 
Higa, Robert Y. /Sayoko N. 
Thermal Power Co., eta! 
Kapoho Land & Dev. Co. Ltd. 
Kapoho Land & Dev. Co. Ltd. 
Kapoho Land & Dev. Co. Ltd. 
Wood, Nathan C. /Janet c. 
Mimzey, Carolyn 
Kakugawa, l\1atsue 
Kapoho Land & Dev. Co. Ltd. 
Ikeda, Shinji/ Janet 
Ikeda, Shinji/ Janet 
Uyeda, Tsuneyo 
Nakashima, Lorilei, eta! 
Herbst, Arthur G./Jane F. 
Kapoho Land & Dev. Co. Ltd. 
Kukino, Hisashi/ Tomiye 
Nakanishi, Roy M. /Dorothy P. 
Pacific Properties Ltd. 
Ito, Philip J. I Carole 
Na!ani Farms Inc. 
Ito, Philip J. I Carole 
Nalani Farms Inc. 
Kuwahara, Akisuke/D. 
Richardson, Lynn P., eta! 
-9-
Area 
8.37 ac. 
17.50 ac. 
6.23 ac. 
.50 ac. 
.36 ac. 
.69 ac. 
2.99 ac. 
13.64 ac. 
1.62 ac. 
.56 <1C. 
6.90 ac. 
3.87 ac. 
2.49 ac. 
9.80 ac. 
.79 ac. 
9.41 ac. 
10.71 ac. 
6.95 ac. 
.94 ac. 
4.60 ac. 
5.34 ac. 
1.20 ac. 
TMK 
1-4-22-8 
1-4-22-9 
1-4-22-10 
1-4-22-11 
1-4-22-12 
1-4-22-13 
1-4-22-14 
1-4-22-15 
1-4-22-16 
1-4-23-1 
1-4-23-2 
1-4-23-3 
1-4-23-4 
1-4-23-5 
1-4-23-6 
1-4-23-7 
1-4-24-1 
1-4-24-2 
1-4-24-3 
1-4-24-4 
1-4-24-5 
1-4-24-6 
Owner/Lessor 
Lessee 
Richardson, Lynn p.' eta! 
Kuwahara, Akisuke/D.M. 
Kuwahara, Akisuke I D. fvl. 
Kelly, Gladys c.' eta! 
Kelly, James W.N. 
Kelly, Gladys c.' eta! 
Kelly James W.N. 
Oshita, Hatsue 
Oshita, Hatsue 
Kapoho Land & Dev. Co., Ltd. 
Klein, Henry F. I Rita T. 
Johnson, Alice 1\ol. ' eta! 
Kawabata, ~lasakazu 
Kawabata, Osamu 
Kawabata, Masakazu 
Kawabata, Osamu 
Goshigaisha Ito Building 
Dote, James Tadashi 
Chun, Stanley 
Kapoho Land & Dev. Co. Ltd. 
Lange, Leon/C. P. 
Perry, Delan/ Jennifer 
Kapoho Land & Dev. Co. Ltd. 
Chong, Clayton E.' eta! 
R & J Steel Inc. 
H & s Enterprises Inc. 
H & s Enterprises Inc. 
R & J Steel Inc. 
Namba, Kenneth H.' eta! 
-10-
Area 
.86 .1C. 
5.62 ac. 
1.49 ac. 
1.00 ac. 
4.78 ac. 
3. 76 ac. 
4.03 a c. 
2.12 ac. 
1.17 ac. 
13.70 ac. 
16.58 ac. 
17.73 ac. 
7.14 ac. 
11.65 ac. 
15.00 ac. 
2.18 ac. 
3. 67 ac. 
3.31 ac. 
7.78 ac. 
3.39 ac. 
3.13 ac. 
1. 09 ac. 
TMK 
1-4-24-7 
1-4-24-10 
1-4-24-11 
Portion of 1-4-78-1 
Portion of 1-4-78-2 
Portion of 1-4-78-3 
Portion of 1-4-78-4 
Portion of 1-4-78-5 
Portion of 1-4-78-6 
Portion of 1-4-78-7 
Portion of 1-4-78-8 
Portion of 1-4-78-9 
*Approximate acreage. 
Chong, 
Kapoho 
Owner I Lessor 
Lessee 
Clayton E.' etal 
Land & Dev. Co. 
v 
Ltd. 
Kapoho Land & Dev. Co., Ltd. 
Tokioka, Lionel Y.' etal, Trs. 
Nani United Corporation Ltd. 
Nani United Corporation Ltd. 
Spercel, Anne 
Chung, Kenneth K.H./Hyesil 
Isbell, Donald D./V. Trust 
Lau, Eric s. 
James, lVlary rA. 
Natl. Securities & Invest. 
Buck, Thomas A. 
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Area 
8.21 ac. 
2.13 ac. 
2.15 ac. 
*0.14 ac. 
*2.75 ac. 
*2.48 ac. 
*2.40 ac. 
*2.50 ac. 
*2.50 ac. 
*2.40 a c. 
*1.51 ac. 
*0.43 8C. 
*5,211.00 
State of Hawaii 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
Division of Water and Land Development 
Honolulu, Hawaii 
November 16, 1984 
Chairpersop and Members 
Board of Land and Natural Resources 
State of Hawaii 
Honolulu, Hawaii 
Gentlemen: 
Designation of Geothermal Resource Subzone 
Kamaili Section, Lower Kilauea East Ilift Zone, Island of Hawaii 
Pursuant to Act 296, Session Laws of Hawaii 1983, and Act 151, Ses-
sion Laws of Hawaii 1984, the Department of Land and Natural Resources 
initiated staff work in early 1983 for the designation of geothermal resource 
subzones in the State of Hawaii by the Board of Land and Natural Re-
sources. The objective of establishing subzones is to allow geothermal 
resource exploration, development, and production of electrical energy 
to take place in areas having low impacts to social, economic, environmental, 
geological hazards, compatibility with surrounding land uses and other 
related aspects of interest to the communities, the County, and the State. 
The Department's staff with assistance from a geothermal resource 
technical committee and a consultant completed the following work tasks: 
assessment of available information on geothermal resources in Hawaii; 
promulgated the Administrative Rules on geothermal resource subzones; 
assessment of geothermal resources in the State of Hawaii on a 
county-by-county basis; conducted impact analysis on social, economic, 
environmental, geologic hazards, compatibility to existing and planned land 
uses, and the relationship to other State and County programs. 
The staff conducted several community meetings to discuss those areas 
identified as having potential geothermal resources to produce electrical 
energy and the various components relating to impacts to the communities, 
County and the State. The staff presented the information to the Board 
and subsequently a "Proposal for Designating Geothermal Resource Sub-
zones" was issued by the Board in July 1984. 
The Board proposed that the Kamaili Section of the Lower Kilauea East 
Rift Zone, Island of Hawaii, covering an area of 5405 acres be a candidate 
for desi~<nation as a geothermal resource subzone. Public hearings on the 
proposal was conducted by the Board on September 11-12, 1984. The· 
majority of testimonies received were in support of the Board's proposal and 
are summarized as follows: 
• Increased energy self-sufficiency for the State of Hawaii and less 
dependence on foreign fuel imports. 
• The creation of new jobs and added revenue to the State. 
• Development of additional industries which could utilize geothermal 
by-products and energy. 
• Recommendation that the Board move with great urgency in the 
designation of geothermal resource sub zones. Eliminating delays wiU 
help control costs and expedite the development of feasible alternate 
energy and improve the economic climate of the State. 
The testimonies submitted that were in opposition to the proposal are 
summarized below: 
• Potential health hazards and adverse effects resulting from geothermal 
emissions, such as air, noise and water catchment pollution. 
• Potential destruction of native forests and impacts on endangered flora 
and fauna. 
• Incompatibility with existing land uses and community setting including· 
scenic and aesthetic qualities. 
Upon review of all submitted testimonies, the staff concluded that all 
environmental concerns related to the designation of geothermal resource 
subzones can be readily mitigated through proper planning and current 
technology. The use of abatement systems and compliance with existing and 
proposed Department of Health Standards can insure public safety. In 
addition, appropriate mitigation measures can be required during 
subsequent State and County permitting to be imposed on a case-by-case 
basis to eliminate or minimize potential adverse effects. A major land owner 
recommended that the proposed area be expanded to include the area 
covered by an existing State mining lease. This subzone expansion will be 
studied for possible inclusion as a geothermal subzone area in early 1985. 
RECOMI\1ENDATION: 
That the Board designate the Kamaili Section of the Lower Kilauea East 
Rift Zone, Island of Hawaii, containing 5405 acres of land as a geothermal 
resource subzone. The boundaries of the subzone are shown on the 
attached Exhibit "A" and further identified by Tax Map Key in Exhibit "B". 
Attach. 
APPROVED FOR SUBMITTAL 
/.ca.. 
SUSUI\1U ONO, Chairperson 
•mitekk 
ROBERT T. CHUCK 
Manager-Chief Engineer 
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PROPOSED GEOTHERMAL 
RESOURCES SUBZONE 
KILAUEA LOWER EAST RIFT 
( KAMAILI SECTION) 
Island of Hawaii 
TMK 
1-5-01-28 
1-5-01-29 
1-5-01-30 
1-5-01-31 
1-5-01-32 
1-5-01-33 
1-5-01-34 
1-5-01-35 
1-5-01-36 
1-5-01-37 
1-5-01-38 
1-5-01-39 
1-5-01-40 
1-5-01-49 
1-5-01-50 
Portion of 1-5-01-55 
*Approximate acreage. 
Owner I Lessor 
Lessee 
Knapp, Thomas P. eta! 
Knapp, Thomas P. eta! 
Knapp, Thomas P. eta! 
Sa to, Hiroo/ Satsuki 
Puna Sugar Co., Ltd. 
Sanekane, Toshimi 
Toshimi, Sane kane 
Tanaka, Shigeyo eta! 
Sa to, Hay ami eta! 
Sa to, Hi roo 
Kelly Terry ~1. /Mary eta! 
Wallach, Keith L. 
Holzgrove, Charles/Ponira T. 
Reyburn, Steve/ Cherokee 
Stout, Dennis/~larthann 
Kaohe Ranch Assoc. 
Siracusa, Rene eta! 
Eguchi, Eugene c1l. Trust eta! 
Nishimura, Albert G/ F 
Oishi, Stanley Y. I Hiroko 
Total 
-4-
Area 
(acre) 
19.01 
.76 
1. 31 
35.86 
2.63 
14.45 
10.50 
4.65 
4.65 
4.65 
4.65 
4.65 
35.78 
11.45 
10.00 
32.27* 
5,405.00* 
) ) 
PROPOSED GEOTHERMAL 
RESOURCES SUBZONE 
KILAUEA LOWER EAST RIFT 
( KAMAILI SECTION) 
Island of Hawaii 
EXHIBIT A 
TMK 
Portion of 1-2-10-1 
Portion of 1-3-01-1 
1-3-01-2 
1-3-01-3 
1-3-01-4 
1-3-01-7 
1-3-01-8 
1-3-01-9 
1-3-01-10 
Portion of 1-3-01-16 
1-3-01-17 
1-3-01-18 
1-3-01-19 
1-3-01-20 
1-3-01-21 
1-3-01-22 
1-3-01-23 
1-3-01-24 
Portion of 1-3-01-25 
Portion of l-3-01-26 
1-3-01-31 
1-3-01-32 
1-3-01-35 
1-3-01-36 
KILAUEA LOWER EAST RIFT 
(Kamaili Section) 
Island of Hawaii 
Owner I Lessor 
Lessee 
State of Hawaii 
Puna Sugar Co., Ltd. 
Puna Sugar Co., Ltd. 
Kamelamela, Joseph K. etal 
Kamelamela, Joseph K. etal 
Puna Sugar Co., Ltd. 
Thompson, Cleo L. etal 
A&E Enterprises, Ltd. 
Pahoa 15 
Puna Sugar Co., Ltd. 
Elderts, Kahikina etal 
\ 
Kauwes Land & Res. Dev. , Inc. 
Edwards, Richard G. etal 
Edwards, Helen E. 
Ranne-Keeney-Scroggins 
Baker, Ronald C. 
Puna Sugar Co., Ltd. 
Bishop, B. P. Trust Est. 
Trs. B. P. Bishop Estate 
Bishop, B. P. Trust Est. 
Trs. B. P. Bishop Estate 
Ashida, Harold T. I Clara 
Jungers, Elizabeth 
Miller Derek Russell etal 
Lee, Curtis W. etal 
Lee, Yilman 
Daiichi Seiko of HI 
McCandless, Paula E. etal 
Paula E. McCandless 
Great Hawn Financial Corp. 
Green, James Simpson 
Green, William F. 
Area 
(acre) 
1447.50* 
76.56* 
12.20 
25.70 
6.60 
559.81 
20.10 
21.32 
27.44 
66.60* 
164.58 
7.94 
5.29 
1.34 
47.00 
27.78 
237.40 
49.60 
19.08* 
7.00* 
81.17 
.44 
48.83 
.06 
EXHIBIT B 
TI\1K 
1-3-01-42 
1-3-01-43 
1-3-01-47 
1-3-01-48 
1-3-01-49 
1-3-01-51 
1-3-01-52 
1-3-01-53 
1-3-01-54 
1-3-01-55 
1-3-01-58 
Portion of 1-3-01-60 
Portion of 1-3-01-61 
1-3-01-62 
1-3-01-63 
1-3-01-64 
1-3-01-65 
1-3-01-66 
1-3-01-67 
1-3-01-68 
1-3-01-69 
1-3-09-1 
1-3-09-2 
1-3-09-3 
1-3-09-8 
1-3-09-10 
1-3-09-11 
Owner/Lessor 
Lessee 
Lee Construction, Inc. 
Taka~. Henry H/S 
Daiichi Seiko of HI 
D aiichi S eiko of HI 
Edwards, Richard G. eta! 
Edwards, Helen E. 
~IcCandles, Paula E. eta! 
McCan dies, Paula E. 
Elderts, Kahikina H. l'vlrs. Dec' d 
John Kaheiki 
Puna Sugar Co., Ltd. 
Puna Sugar Co., Ltd. 
Puna Sugar Co., Ltd. 
Bishop, B.P. Tr. Est. 
Trs. B.P. Bishop Estate 
Yamanaka, Vern M/l\lary C. 
Pedersen, Keith G.E. eta! 
Yam an aka, Vern lVI. I l'vlary C. 
Hull Gronroos 
Thompson, Cleo L. eta! 
A&E Enterprises, Ltd. 
A&E Enterprises, Ltd. 
A&E Enterprises, Ltd. 
A&E Enterprises, Ltd. 
A&E Enterprises, Ltd. 
A&E Enterprises, Ltd. 
A&E Enterprises, Ltd. 
Bishop, B.P. Tr. Est. 
Trs. B.P. Bishop Estate 
Bishop, B.P. Tr. Est. 
Goodness, William N. 
Trs. B. P. Bishop Estate 
Puna Sugar Co., Ltd. 
Bishop, B. P. Tr. Est. 
HBK Enterprises, Ltd. 
Bishop, B. P. Est. Trs. 
Water Comm. County Hawaii 
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Area 
(acre) 
9.42 
1.32 
3.06 
.19 
16.55 
.32 
1.35 
16.70 
2.80 
18.54 
33.50 
12.00* 
3.50* 
24.57 
26.25 
23.61 
25.05 
23.96 
23.06 
23.35 
24.01 
206.17 
157.72 
405.19 
5.17 
23.26 
.26 
) 
Tl\IIK 
Portion of 1-3-09-14 
Portion of 1-3-09-16 
Portion of 1-3-10-7 
Portion of 1-3-10-11 
Portion of 1-3-10-12 
1-3-10-13 
1-3-10-14 
1-3-10-15 
1-3-10-16 
Portion of 1-3-10-17 
Portion of 1-5-10-3 
1-5-01-4 
1-5-01-5 
1-5-01-6 
1-5-01-7 
1-5-01-8 
1-5-01-9 
1-5-01-13 
1-5-01-14 
1-5-01-15 
Portion of 1-5-01-16 
Portion of 1-5-01-23 
Portion of 1-5-01-24 
1-5-01-27 
Owner I Lessor 
Lessee 
Puna Sugar Co., Ltd. Trust 
Hawan Trust Co., Ltd. 
Puna Sugar Co., Ltd. 
Phillips, Ken C. Enter., Inc. 
Compton, Randy 
Robinson, Albert G. 
Twin River Del Bonita PO 
Pomeroy, James E/ Gail Ann 
Robinson, Albert G. 
Twin River Del Bonita PO 
Water Resources Int'l Inc. 
Bridgens, R.G./l\liller, B. 
Cutler, Allen eta! 
Kuna Basil 
Gutierrez, Fernando 
Roman Catholic L\lission 
Bishop Trust Co., Ltd. 
Harte, Roy S. eta! 
Harte-Hural 
Yamaguchi, Kazuo/Kiyoichi 
Kazuo Yamaguchi 
Kuwahara, Alan A. eta! 
Taguchi, Paul J. eta! 
Puna Sugar Co., Ltd. 
Yamaguchi, T akeo 
Kaohe Ranch Assoc. 
Farmer, Robert N. 
Oishi, Toru/ Faye, F. 
Knapp, Thomas P. etal 
Knapp, Gideon/ Sherri 
Knapp, Thomas P. eta! 
Oishi, Stanley I Hiroko 
Yamada, Emma Trust 
Puna Sugar Co., Ltd. 
Yamada, Emma Trust 
Puna Sugar Co., Ltd. 
Knapp, Thomas P. etal 
-3-
Area 
(acre) 
342.54* 
30.27* 
0.40* 
0.80* 
0.96* 
3.99 
3.98 
3.87 
4.70 
2.82* 
396.58* 
24.74 
46.60 
42.39 
45.20 
45.60 
35.79 
33.15 
12.64 
2 .17 
4.06* 
10.56* 
10.75* 
31.32 
Tl'v!K 
1-5-01-28 
1-5-01-29 
1-5-01-30 
1-5-01-31 
1-5-01-32 
1-5-01-33 
1-5-01-34 
1-5-01-35 
1-5-01-36 
1-5-01-37 
1-5-01-38 
1-5-01-39 
1-5-01-40 
1-5-01-49 
1-5-01-50 
Portion of 1-5-01-55 
*Approximate acreage. 
Owner I Lessor 
Lessee 
Knapp, Thomas P. eta! 
Knapp, Thomas P. eta! 
Knapp, Thomas P. etal 
Sato, Hiroo/Satsuki 
Puna Sugar Co., Ltd. 
Sanekane, Toshimi 
Toshimi, Sane kane 
Tanaka, Shigeyo etal 
Sa to, Hay ami eta! 
Sato, Hiroo 
Kelly Terry 1\l. /Mary eta! 
Wallach, Keith L. 
Holzgrove, Charles/Ponira T. 
Reyburn, Steve/ Cherokee 
Stout, Dennis/illarthann 
Kaohe Ranch Assoc. 
Siracusa, Rene eta! 
Eguchi, Eugene r,J. Trust eta! 
Nishimura, Albert G IF 
Oishi, Stanley Y. I Hiroko 
Total 
-4-
Area 
(acre) 
19.01 
. 76 
1. 31 
35.86 
2.63 
14.45 
10.50 
4.65 
4.65 
4.65 
4.65 
4.65 
35.78 
11.45 
10.00 
32.27* 
5,405.00* 
State of Hawaii 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
Division of Water and Land Development 
Honolulu, Hawaii 
November 16, 1984 
Chairperson and Members 
Board of Land and Natural Resources 
State of Hawaii 
Honolulu, Hawaii 
Gentlemen: 
Designation of Geothermal Resource Subzone 
Hale a kala Southwest Rift Zone, Island of P.laui 
Pursuant to Act 296, Session Laws of Hawaii 1983, and Act 151, Ses-
sion Laws of Hawaii 1984, the Department of Land and Natural Resources 
initiated staff work in early 1983 for the designation of geothermal resource 
subzones in the State of Hawaii by the Board of Land and Natural Re-
sources. The objective of establishing sub zones is to allow geothermal 
resource exploration, development, and production of electrical energy 
to take place in areas having low impacts to social, economic, environmental. 
geological hazards, compatibility with surrounding land uses and other 
related aspects of interest to the communities, the County, and the State. 
The Department's staff with assistance from a geothermal resource 
technical committee and a consultant completed the following work tasks: 
assessment of available information on geothermal resources in Hawaii; 
promulgated the Administrative Rules on geothermal resource subzones; 
assessment of g·eothermal resources in the State of Hawaii on a 
county-by-county basis; conducted impact analysis on social, economic, 
environmental, geologic hazards, compatibility to existing and planned land 
uses, and the relationship to other State and County programs. 
The staff conducted several community meetings to discuss those areas 
identified as having potential geothermal resources to produce electrical 
energy and the various components relating to impacts to the communities, 
County and the State. The staff presented the information to the Board 
and subsequently a "Proposal for Designating Geothermal Resource Sub-
zones" was issued by the Board in July 1984. 
The Board proposed that the Haleakala Southwest Rift Zone, Island of 
Maui covering an area of 4154 acres be a candidate for designation as a 
geothermal resource subzone. Public hearings on the proposal was conduct-
ed by the Board on September 10, 1984. The majority of testimonies 
received were in support of the Board's proposal and are summarized as 
follows: 
• Increased energy self-sufficiency for the State of Hawaii and less 
dependence on foreign fuel imports. 
• The creation of new jobs and added revenue to the State. 
• Development of additional industries which could utilize geothermal 
by-products and energy. 
• Recommendation that the Board move with great urgency in the 
designation of geothermal resource sub zones. Eliminating delays will 
help control costs and expedite the development of feasible alternate 
energy and improve the economic climate of the State. 
ITEr·: D- 5 
J 
The testimonies submitted that were m opposition to the proposal are 
summarized below: 
• Potential health hazards and adverse effects resulting from geothermal 
emissions, such as air, noise and water catchment pollution. 
• Potential destruction of native forests and impacts on endangered flora 
and fauna. 
• Incompatibility with existing land uses and community setting including 
scenic and aesthetic qualities. 
Upon review of all submitted testimonies, the staff concluded that all 
environmental concerns related to the designation of geothermal resource 
subzones can be readily mitigated through proper planning and current 
technology. The use of abatement systems and compliance with existing and 
proposed Department of Health Standards can insure public safety. In 
addition, appropriate mitigation measures can be required during 
subsequent State and County permitting to be imposed on a case-by-case 
basis to eliminate or minimize potential adverse effects. 
The staff reviewed two testimonies as having merit for consideration in 
adjusting the Board's proposed area. Seibu Hawaii, Inc. recommended that 
the lower portion below the Kula Highway be deleted from subzone 
designation due to the proximity to their resort development area located 
approximately 2. 5 miles west Of the area. Mid- Pacific Geothermal Inc. 
recommended that the south and east boundaries of the lower portion below 
the Kula Highway be adjusted to include an additional area. The staff 
concludes that both recommendations have merit and suggests that the area 
below the Kula Highway be modified by deleting a portion of lands lying to 
the northwest and adding a portion of lands lying to the southeast. The 
net acreage generally remains the same by the adjustment in boundaries in 
the lower portion of the proposed subzone area. 
RECOMMENDATION: 
That the Board designate the Haleakala South west Rift Zone, Island of 
Maui, containing 4441 acres of land as a geothermal resource subzone. The 
boundaries of the subzone are shown on the attached Exhibit "A" and 
further identified by Tax Map Key in Exhibit "B". 
Attach. 
APPROVED FOR SUBMITTAL: 
Respectfully submitted, 
ROBERT T. CHUCK 
Manager-Chief Engineer 
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T~1K 
Portion of 2-1-03-32 
Portion of 2-1-03-50 
Portion of 2-1-04-6 
2-1-04-7 
2-1-04-8 
2-1-04-9 
2-1-04-11 
2-1-04-12 
2-1-04-14 
2-1-04-15 
2-1-04-16 
2-1-04-17 
2-1-04-18 
2-1-04-19 
2-1-04-20 
2-1-04-21 
2-1-04-22 
2-1-04-23 
Portion of 2-1-04-49 
2-1-04-71 
2-1-04-80 
IIALEAKALA SOUTHWEST RIFT 
Island of Maui 
Owner/Lessor 
Lessee 
Goodness, Stanley K, eta! 
Ulupalakua Ranch Inc. 
State of Hawaii 
Ulupalakua Ranch Inc. 
Ulupalakua Ranch Inc. 
Ulupalakua Ranch Inc. 
Goodness, Guy S. 
Hew, Joseph T. 
Ulupalakua Ranch Inc. 
Ulupalakua Ranch Inc. 
Haake, Richard eta! 
Jacintha, \Villi am eta! 
Ulupalakua Ranch Inc. 
Page-Papazian John Il/Dale L. 
State of Hawaii 
Ulupalakua Ranch Inc. 
Ulupakakua Ranch Inc. 
Ulupalakua Ranch Inc. 
Goodness, Stanley K. eta! 
Hew, Joseph T. 
Ulupalakua Ranch Inc. 
Goodness, Stanley K. eta! 
Ulupalakua Ranch Inc. 
Ulupalakua Ranch Inc. 
Ulupalakua Ranch Inc. 
Ulupalakua Ranch Inc. 
Ulupalakua Ranch Inc. 
State of Hawaii 
Ulupalakua Ranch Inc. 
Ulupalakua Ranch Inc. 
Fleming, IV ray D. eta! 
Area 
(acre) 
1. 07* 
152.86* 
523.60* 
24.60 
110.00 
57.61 
28.95 
1. 43 
12.27 
21.34 
2.22 
6.98 
22.64 
8.21 
4.22 
16 .10 
13.38 
49.27 
450.79* 
19.72 
6.78 
EXHIBIT B 
HIK 
2-1-04-93 
2-1-04-94 
2-1-04-95 
2-1-04-96 
2-1-04-97 
2-1-04-98 
2-1-04-99 
2-1-04-100 
2-1-04-101 
2-1-04-102 
2-1-04-103 
2-1-04-104 
2-1-04-105 
Portion of 2-1-04-106 
2-1-04-107 
2-1-04-112 
2-1-04-116 
Portion of 2-1-08-1 
Portion of 2-1-09-1 
2-1-09-17 
2-1-09-19 
Portion of 2-2-01-1 
*Approximate acreage. 
Owner I Lessor 
Lessee 
Sheets, Carl S. eta! 
State of Hawaii 
Texeira, Walter F. 
Aki, Charles Jr. 
Crouse, Jack/Dorothy Trs. 
Santiago, Lily H. Dec' d 
Tedeschi, Emil P. 
Awai, Lizzie K. eta! 
Halemano, Herman, Jr. eta! 
Gries, Herbert A. Jr./G. eta! 
Luppold, George E./B.A. 
~laloney, Skyler J .I Cynthia ~1. 
State of Hawaii 
~lakimoto, Harold H. 
JAL Inc. eta! 
J AL Inc. eta! 
JAL Inc. eta! 
Ulupalakua Ranch Inc. 
Antone, David K. Jr. eta! 
Ulupalakua Ranch Inc. 
l\1akimoto, Harold HI fvl 
Palmer, King P. Trust eta! 
Ulupalakua Ranch Inc. 
Ulupalakua Ranch Inc. 
Vockrodt, Jack E. eta! Trust 
Ulupalakua Ranch Inc. 
Hawn Telephone Co. 
Ulupalakua Ranch Inc. 
Total 
-2-
Area 
(acre) 
5.25 
20.82 
6.12 
5.10 
3.44 
8.00 
8.56 
3.27 
2.20 
3.00 
4.95 
4.59 
9.27 
43.13* 
10.82 
4.28 
0.14 
25.00* 
2600.00* 
16.87 
. 56 
22.00* 
4 ,441.00* 
PROPOSAL 
for 
Designating Geothermal Resource Subzones 
by the 
Board of Land and Natural Resources 
State of nawaii 
DEPART:.IENT OF LAND AND NATURAL RESOC:RCES 
Division of Water and Land Development 
PROPOSAL 
for 
Designating Geothermal Resource Subzones 
by the 
Board of Land and Natural Resources 
State of Hawaii 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
Division of Water and Land Development 
Honolulu, Hawaii 
July 1984 
GEORGE R. ARIYOSHI 
Governor 
BOARD OF LA~D AND NATURAL RESOURCES 
SUSUMU ONO, Chairperson, Member at Large 
ROLAND H. HIGASHI, Hawaii Member 
THOMAS S. YAGI, Maui Member 
J. DOUGLAS I~G, Oahu :,!ember 
MOSES W. KEALOHA, l'ilember at Large 
LEONARD H. ZALOPANY, Kauai :'~!ember 
DEPART:VIENT OF LAND AND NATURAL RESOURCES 
SUSUMU ONO, Chairperson and Member 
Board of Land and Natural Resources 
EDGAR A. HAMASU, Deputy to the Chairperson 
ROBERT T. CHUCK, Manager-Chief Engineer 
Division of Water and Land Development 
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PREFACE 
This proposal for designating geothermal resource subzones 
by the Board of Land and Natural Resources summarizes the 
results of a statewide assessment of potential geothermal resource 
areas which best demonstrate an acceptable balance of factors set 
forth in Act 296, SLH 1983. 
The assessment was conducted by the staff of the Division 
of Water and Land Development with the participation of an 
interagency technical committee; federal, state, and county 
agencies; private industry; and the general public. 
This proposal is published for review by the public and to 
receive comments at the public hearings scheduled at the 
following dates, places, and time: 
August 7, 1984 - Pahoa Elementary School Cafetorium, 
Pahoa, Hawaii - 7:00 p.m. 
August 8, 1984 - Hila State Office Conference Room, 
Hilo, Hawaii - 9:00 a.m. 
August 8, 1984 - Hawaii Volcanoes National Park, 
Visitor Center Auditorium - 7:00 p.m. 
August 9, 1984 - Kula Elementary School, 
Kula Highway, Maui - 7:00 p.m. 
BOARD OF LAND AND NATURAL RESOURCES / 
iii 
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PUBLIC INFORMATION MEETINGS 
During the course of the assessment, several public 
information and participation meetings were held and conducted 
by the staff of the Division of Water and land Development. 
Following are the dates and places of the meetings: 
May 8' 1984 Hilo, Hawaii 
C. lay 9' 1984 Kahului, Maui 
May 29, 1984 Hilo, Hawaii 
May 30, 1984 Kahului, Maui 
July 10' 1984 Pahoa Community Council 
July 11' 1984 Volcano Community Association 
The Board acknowledges all the persons who participated in 
the public information and participation meetings. 
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CONCLUSIONS &~ RECOMMENDATIONS 
Based upon currently available information on geothermal resources, 
twenty separate areas in the State of Hawaii were identified as having 
potential geothermal resources. Of these, five sites on the island of 
Hawaii and two on the island of Maui were determined to have sufficient 
probability of locating high temperature geothermal resources with the 
potential of producing electrical energy. High temperature is defined 
to be greater than 125 degree celsius or 257 degree fahrenheit at depths 
less than 3 kilometers or 9,840 feet. After subjecting the seven areas 
to impact analysis by examining factors on geologic hazards, social and 
environmental impacts, compatibility with present uses of surrounding 
land, potential economic benefits, and compatibility with conservation 
areas, it is concluded that three areas warrant consideration for 
designation of geothermal resource subzones by the Board of land and 
Natural Resources under authority of Act 296, SLH 1983 and Act 151, SLH 
1984. The areas are described below. 
Kilauea Lower East Rift, Island of Hawaii 
This area shown in Figure l identifies two separate sites, the 
Kapoho section and the Kamaili section. The percent probability of 
locating high temperature geothermal resources has been estimated to be 
greater than 90 percent and the prospect for utilizing this resource is 
good. Relatively recent volcanic flows in the 1960's and 1970's 
indicate the availability of geothermal resources in the area. Active 
exploration and development currently underNay also attest to the 
availability of the resources. 
The area contains two subzones established by the Legislature in 
Act 151, SLH 1984. 
!he proposed areas provide for an approximate 2000-foot buffer 
zones to sensitive environmental areas, such as the Natural Area Reserve 
System and sensitive forest areas. 
~oderace impaccs are expecced in scenic and aeschecic values, air 
qualicy, employmenc and housing needs. These impaccs can be reasonably 
expecced to be mitigaced in subsequenc Stace and County permitcing 
processes on a case-by•case basis. 
Kilauea Unper East aifc, Island of Hawaii 
This area shown in Figure 2 has a 90 percenc or greacer probability 
of locating high temperature geothermal resources and the prospecc of 
utilizing the resource is good. 
Significant impaccs expecced to be encountered include the 
proximicy to the Kilauea Volcanoes National Park co che west and the 
Nacural Area Reserve Syscem designation to che east. Additionally, the 
endangered bird O'u has been idencified co habicac the area and high 
qualicy native foresc are locaced norch of the rife zone. ~oderate 
impacts include scenic and aesthetic values, air quality, employment and 
housing needs. 
Since early 1983, active volcanic accivity centered on Puu 0 has 
been taking place in the area. The current volcanic flows are viewed as 
temporar; in nature and when the activity ceases, drilling over the 
volcanic flow is considered feasible and desirable considering the 
effects on other environmental values in the surrounding areas. 
The area includes the Board of Land and Natural Resources 
authorization for a Conservation District Use Application to the Estate 
of James Campbell for the exploration of geothermal resources. 
In consideration of mitigating the significant impacts expected to 
be encountered, the proposed area provides for a 2,000-fooc buffer area 
co both the Volcanoes National Park and the Natural Area Reserve System. 
In addition, the encroachment into the native forest area has been 
minimized to concentrate exploration, development, and production 
activities towards the rift or volcanic flow areas. The northern 
boundary extends approximately 25 percent into the native forest area. 
Other moderate impacts may be readily micigated by subsequenc State 
and County per.nitting processes on a case-by-case basis. 
-2-
Haleakala Southwest Rift, Island of Maui 
The area shown in Figure 3 has a 25 percent probability of locating 
geothermal resources. It appears to offer the best site on Maui and the 
prospect for utilizing: the resources is good. 
Significant impacts expected are the scenic and aesthetic values. 
Moderate impacts include noise, lifestyle, culture and community 
set~g, air quality, employment and housing needs. 
The impacts may be mitigated through subsequent State and County 
permitting processes on a case-by-case basis. 
Recommendations 
Based upon the above conclusions, the Board of Land and Natural 
Resources proposes to designate the following areas as geothermal 
resource subzones for the purpose of exploration, development, and 
production of geothermal resources: 
* Kilauea Lower East Rift, Island of Hawaii 
* Kilauea Upper East Rift, Island of Hawaii 
* Haleakala Southwest Rift, Island of Maui 
The specific areas are mapped and identified in Figures 1, 2, 
and 3. 
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INTRODUCTION 
Act 296, SLH 1983, relating to geothermal energy was signed into 
law on June 14, 1983 by Governor George R. Ariyoshi. The legislature 
found that the development and exploration of Hawaii's geothermal 
resources is of statewide concern, and that this interest must be 
balanced with interests in preserving Hawaii's unique social and natural 
environment. The purpose of this Act is to provide a policy that will 
assist in the location of geothermal resources development in areas of 
the lowest potential environmental impact. 
The Board of Land and Natural Resources is charged with the 
responsibility of designating geothermal resource subzones in the State. 
Once the subzones are established, all geothermal development activities 
may be conducted only in these designated subzones. 
LEGAL AUTHORITY 
Act 296, SLH 1983, relating to geothermal energy, provides the 
legal basis for this assessment. The Act requires the Board of Land and 
Natural Resources to designate geothermal subzones. Section 3 of the 
Act requires the Board to "adopt, amend, or repeal rules related to its 
authority to designate and regulate the use of geothermal resource 
subzones in the manner provided under chapter 91." This mandate is 
provided for under Title 13, Chapter 184, "Designation and Regulation of 
Geothermal Resource Subzones" of the Department of Land and Natural 
Resources' Rules and Regulations. Act 151, SLH 1984, clarified various 
aspects of existing geothermal development activities within the State 
and the roles of State and County governments. 
-7-
STAT~~IDE ASSESSM~ OF GEOTHE~~ RESOURCES 
A Geothermal Resources Technical Commi:tee, selected by the 
Department of Land and'Natural Resources on the basis of their specific 
expertise, examined on a county-by-county basis geothermal resource 
areas having the potential for production of electrical energy. Due to 
the complexity of Hawaii's geologic structure and the variable nature of 
groundwater hydrology and geochemistry, the committee did not rely on 
just one set of data or a single set of rules. The assessment of 
potential for each island was based on a qualitative interpretation of 
several regional surveys conducted in Hawaii during the last 15 to 20 
years. 
The Committee identified nine locations in Hawaii County having 
geothermal resources. Six locations were identified in Maui County and 
two in the City and County of Honolulu. Kauai, Molokai, and Lanai were 
determined not to have geothermal resources of any significance based 
upon available information. A map of the locations examined is shown in 
Figure 4. 
Of the areas reviewed, five locations on the Island of Hawaii and 
two on the Island of Maui were determined to have a sufficient 
probability (greater than 257.) of locating a high temperature resource 
(greater than l25'C) at depths less than 3 kilometers. These locations 
are shown in Figures 5 and 6. 
EVALUATION OF L~ACTS ON 
POTENTIAL GEOTHERMAL RESOURCE AREAS 
The potential geothermal resource areas were evaluated on the basis 
of potential and real impacts which may occur within each of the areas. 
Based on available information evaluations were made of geologic 
hazards, social impacts, environmental impacts, compatibility of 
development and economic impacts. Within each of these factors, 
sub-factors were identified. Each of these sub-factors were evaluated 
as to the potential impact(s) it may have on the potential zones. This 
evaluation process was made on the basis of each expert's ~~owledge and 
available information obtained. The results of this evaluation process 
is summarized in Figure 7. 
-8-
Figure 4 
Pr'JTENTIAL GEOTHE:R.Y!AL RESOfT"QCE AREAS 
KAUAI 
MOLOKAI 
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Figure 7. EVALUATION OF IMPACTS ON POTENTIAL GEOTHEill1AL RESOURCE SUBZONE AREAS 
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Flora and Fauna 
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Surrounding Areas 
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Key: 
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Kilauea Lower East Rift, Hawaii 
Potentials for Production 
Commercially feas~ble quantities of steam have been confirmed by 
deep exploratory drilling on the lower rift zone. On the basis of 
positive geochemical and geophysical data and the recent eruptive and 
intrusive activity along the Kilauea East Rift Zone, there is a greater 
than 90% chance of finding a high temperature, i.e., greater than 125"C 
or 257"F, resource at depths less than 3 kilometers or approximately 
9,840 feet. 
Prospects for Utilization 
Based upon prior permit applications and developer activity, the 
prospects for utilization of both subzones being proposed is considered 
good. 
Significant or Moderate Imuacts 
Social Impact 
The principal social factors affected by geothermal development 
would be in terms of lifestyle, culture, and community setting as they 
are experienced in Puna. The impact is expected to be moderate. Also 
important is the preservation of natural beauty and aesthetics, which 
could be achieved by well-planned siting, landscaping, and well-designed 
plant architecture. 
Environmental Impacts 
The general impact of geothermal development to the environment 
will be in the areas of air quality (smell) and aesthetics (visual -
plumes, towers, etc.). These impacts are expected to be moderate. 
Compatibilitv of Develoument 
A portion of the proposed Kapoho subzone includes two current 
Geothermal Resource Mining Leases, R-2 and R-3, which were declared 
subzones through Act 151, SLH 1984. 
The proposed Kapoho subzone rests within both Land Use Commission 
(LUC) classified 75% as "agricultural" and 25% as "conservation, 
limited", due to lava flow hazards which can be mitigated. Geothermal 
development is considered to be of moderate significance. 
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Economic Imoact 
Geothermal development within this proposed subzone will provide 
additional jobs. Based upon past growth rates in Puna, the housing 
situation will be tighter. 
Kilauea Upoer East Rift, Hawaii 
Potentials for Production 
Currently available studies indicate chat a geothermal resource is 
present along the entire length of the Kilauea East Rift Zone. On the 
basis of positive geochemical and geophysical data and the recent 
eruptive and intrusive activity along the Kilauea East Rift Zone, there 
is a greater than 90% chance of finding a high temperature, i.e., 
greater than l25°C or 257°F, resource at depths less than 3 kilometers 
or approximately 9,840 feet. 
Prospects for Utilization 
Based upon prior permit applications and developer interest, the 
prospects for utilization of the proposed subzone is considered good. 
Significant or Moderate Imoacts 
Geologic Hazards 
At the present time, there is volcanic activity in the area 
especially in the 90% (chance of finding a high temperature resource) 
zone. In the long term, the well sites would be located near the 
source. Upon reasonable subsidence of lava flow activity in the future, 
the decision and risks of drilling would rest upon the developer. 
Social Imoact 
The principal social factor affect by geothermal development would 
be in terms of lifestyle, culture, and community setting as they are 
experienced in the Volcano area. The impact is expected to be moderate. 
Also important is the preservation of natural beauty and aesthetics, 
which could be achieved by well-planned siting, landscaping, and 
well-designed plant architecture. 
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Env~ronmental Impacts 
The general ~pact of geothermal development to the env~ronment 
w~ll be in the areas of air quality (smell) and aesthet~cs (v~sual -
plumes, towers, etc.).'. These ~pacts are expected to be moderate. 
A significant impact on the flora and fauna would possibly occur 
within the proposed subzone area. A major portion of this subzone area 
consists of Category l forests classified as "exceptional native forest; 
closed canopy, over 90% nat~ve cover", 
Compatibility of DeveloPment 
The proposed subzone located in the upper r~ft zone, rests within 
LUC classified "conservat~on, limited", and geothermal development is 
cons~dered to have a significant ~pact. Excluded from the subzone is 
the Hawa~i Volcano National Park and the Natural Area Reser;e. 
Economic Impact 
Geothermal development w~thin this proposed subzone will provide 
additional jobs. The housing situation will be tighter. 
Kilauea Southwest Rift, Hawaii 
Potentials for Production 
On the basis of positive geophysical data, recent volcanic 
activity, and considerat~on given to the absence of any sign~ficant 
groundwater chemical anomalies, it was concluded that there was a 
greater than 90% chance of f~nding a high temperature (greater than 
125°C) resource at depths less than 3 kilometers. 
Prospects for Utilization 
Based upon ava~lable information, it is uncertain as to whether 
developers would dr~ll within the proposed Pahala subzone area. 
Sign~ficant Imoacts 
Environmental Impacts 
The general impact of geothermal development to the environment 
will be in the area of air quality (smell). This impact is expected to 
be moderate. 
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Economic Imnacts 
Geothermal development in t~e proposed subzone will have a moderate 
impact on employment. 
Mauna Loa ~ort~east Rift, Hawaii 
Potentials for Production 
Based on available data it was concluded that there was a 35% 
chance of finding a high temperature (greater than 125°C) resource at 
depths less than 3 kilometers. 
Prosoects for Utilization 
It is uncertain as to whether developers would drill for geothermal 
resources in this subzone area. 
Significant or Moderate Impact 
Social Imoacts 
The aesthetic impact of geothermal development would have a 
moderate impact on the community. 
Environmental Impacts 
There would be a moderate impact upon the environment in the areas 
of air quality (smell) and scenic/aest~etic values (visual). 
Any development in the proposed subzone area would have a 
significant impact on the flora and fauna. Some 60% of the proposed 
subzone area consists of Category 1 forests, "exceptional native forest; 
closed canopy, with over 90% native cover". The forest area also 
provides habitat :or various endangered forest bird species: Hawaii 
Creeper, Akepa, Akiapola'au, the 'O'u, and the Nene. The impact is 
considered to be significant. 
Comnatibilitv of Development 
Some 75% of t~e proposed subzone area is presently classified as 
"conservation, protective" lands under t~e State Land Use District 
Classification. Geothermal development is considered to have a 
significant impact. 
Economic Imnact 
Geothermal resource activity in this proposed subzone area should 
enhance employment. 
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Mauna Loa Southwest Rift, Hawaii 
Potentials for Production 
On the basis of recent historic volcanic eruptions, seismic 
activity and taking into consideration the absence of any other 
significant geophysical or geochemical anomalies, it was found that 
there was a 35% chance of finding a high temperature (greater than 
l25°C) resource at depths less than 3 kilometers. 
Prospects for Utilization 
It is uncertain as to whether developers would drill for geothermal 
resources in this subzone area. 
Significant or Moderate Impacts 
Social Impacts 
Geothermal development within the proposed subzone area is expected 
to cause changes in the lifestlye, culture and community setting within 
the immediate area. In addition, the aesthetics of such a development 
would impact upon the community. The impact of both factors are 
considered to be moderate. 
Environmental Impacts 
There would be a moderate impact on the air quality (smell) and 
scenic and aesthetic values (visual) due to geothermal resource 
development. A significant impact would entail on the fauna in this 
area. Approximately 50% of the proposed subzone would encompass 
endangered bird species--Akepa, Akiapolaau and the Hawaii Creeper. 
Economic Imoact 
Employment would moderately increase if geothermal development 
takes place within the area. The housing situation will be tighter. 
Hualalai Northwest Rift, Hawaii 
Potentials for Production 
Based on positive geothermal indications from geophysical data 
(resistivity, magnetics, and self potential) and the geologically young 
age of vents along the upper rift and summit, there is a 30 to 35% 
-17-
chance of finding a high temperature (greater than l25°C) resource at 
depths less than 3 kilometer. 
Prospects for Utilization 
It is uncertain as to whether developers would drill for geother.nal 
resources in this subzone area. 
Significant or Moderate Imnacts 
Social Impact 
In this proposed geothermal subzone area, the impact on aesthetics 
expected to be moderate. 
Environmental Imnacts 
Moderate impacts would occur in the areas of air quality (smell) 
and scenic and aesthetic values (visual). 
Approximately 10% of the proposed subzone area consists of Category 
l forest, "exceptional native forest with over 90% native canopy cover". 
Species composition consist primarily of ohia lehua, koa and mamane. 
The fauna which inhabits the forest include the Alala, Hawaiian Creeper, 
Akepa and the Nene, which are considered endangered. Therefore, 
development in this area will have a significant impact on the flora and 
fauna. 
Comoatibility of Develonment 
The proposed subzone area is currently classified as "conservation, 
protective & resource" under the State Land Use District Classification. 
geothermal development in this subzone area would have a significant 
impact. 
Economic Impact 
Development activity in the proposed subzone area would create a 
moderate increase in employment. 
Haleakala Southwest Rift, Maui 
Potentials for Production 
Due to the geologically young age of the recent 1790 eruption and 
results of deep resistivity soundings, the conclusion drawn was that 
-18-
there is a 25% chance of finding high a temperature (greater·than 125°C) 
resource at depths less than 3 kilometers. 
Prospects for Utilization 
Based upon developer interest and activity, the prospects for 
utilization of the subzone area is good. 
Significant or Moderate Impacts 
Social Impacts 
The potential effects on lifestyle, culture, and community 
introduced by geothermal production activities, as well as the impact of 
noise to the community is considered to be moderate. The visual impact 
of a geothermal development would have a significant impact on the 
community. 
Environmental Impacts 
Air quality (smell) will have a moderate impact upon the 
environment. However, a significant impact would occur to scenic and 
aesthetic values if development occurs within the proposed subzone area. 
Economic Impacts 
Geothermal development within the proposed subzone area will 
provide additional jobs for the community. The housing situation will 
be tight. 
Haleakala East Rift, Maui 
Potentials for Production 
Based on the geologic age of the Hana Series lava flows, there is a 
25% chance of finding a high temperature (greater than 125°C) resource 
at depths less than 3 kilometers within the Haleakala East Rift Zone. 
ProsPects for Utilization 
It is uncertain as to wheter developers would drill for geothermal 
resources in this subzone area. 
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Significant ImPacts 
Social Impacts 
The potential effects on lifestyle, culture, and community 
introduced by geothermal production activities, as well as the impact of 
noise to the community is considered to be moderate. The visual impact 
of a geothermal resource development would have a significant impact on 
the community. 
Environmental ImPacts 
Air quality (smell) and scenic/aesthetic values will have a 
moderate impact upon the environment. However, the flora and fauna 
within the proposed subzone area will be significantly impacted. 
Approximately 507. of the area is Category l forest, "exceptional native 
forest, closed canopy with over 90% native cover", forest. The forested 
areas provide habitat for three endangered forest birds: the Maui 
Parrot bill, the Crested Honeycreeper, and the Akepa. 
Compatibility of Development 
The proposed subzone area is presently classified as "conservation, 
protective" under the State Land Use District Classification. 
Geothermal development in the proposed subzone area would have a 
significant impact. 
Economic Impacts 
Development within the proposed subzone area will provide 
additional jobs for the community. The housing situation will be tight. 
-20-
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PREFACE 
This proposal for designating geothermal resource subzones 
by the Board of Land and Natural Resources summarizes the 
results of a statewide assessment of potential geothermal resource 
areas which best demonstrate an acceptable balance of factors set 
forth in Act 296, SLH 1983. 
The assessment was conducted by the staff of the Division 
of Water and Land Development with the participation of an 
interagency technical committee; federal, state, and county 
agencies; private industry; and the general public. 
This proposal is published for review by the public and to 
receive comments at the public hearings scheduled at the 
following dates, places, and time: 
August 7, 1984 - Pahoa Elementary School Cafetorium, 
Pahoa, Hawaii-7:00p.m. 
August 8, 1984 - Hila State Office Conference Room, 
Hila, Hawaii - 9:00 a.m. 
August 8, 1984 - Hawaii Volcanoes National Park, 
Visitor Center Auditorium - 7 : 00 p.m. 
August 9, 1984 - Kula Elementary School, 
Kula Highway, Maui- 7:00 p.m. 
BOARD OF LAND AND NATURAL RESOURCES 
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PUBUC INFORMATION MEETINGS 
During the course of the assessment, several public 
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by the staff of the Division of Water and land Development. 
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May 8, 1984 Hilo, Hawaii 
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May 29, 1984 Hilo, Hawaii 
May 30, 1984 Kahului, Maui 
July 10, 1984 Pahoa Community Council 
July 11, 1984 Volcano Community Association 
The Board acknowledges all the persons who participated in 
the public information and participation meetings. 
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CONCLUSIONS AND RECOMMENDATIONS 
Based upon currently available information on geothermal resources, 
twenty separate areas in the State of Hawaii were identified as having 
potential geothermal resources. Of these, five sites on the island of 
Hawaii and two on the island of Maui were determined to have sufficient 
probability of locating high temperature geothermal resources with the 
potential of producing electrical energy. High temperature is defined 
to be greater than 125 degree celsius or 257 degree fahrenheit at depths 
less than 3 kilometers or 9,840 feet. After subjecting the seven areas 
to impact analysis by examining factors on geologic hazards, social and 
environmental impacts, compatibility with present uses of surrounding 
land, potential economic benefits, and compatibility with conservation 
areas, it is concluded that three areas warrant consideration for 
designation of geothermal resource subzones by the Board of land and 
Natural Resources under authority of Act 296, SLH 1983 and Act 151, SLH 
1984. The areas are described below. 
Kilauea Lower East Rift, Island of Hawaii 
This area shown in Figure 1 identifies two separate sites, the 
Kapoho section and the Kamaili section. The percent probability of 
locating high temperature geothermal resources has been estimated to be 
greater than 90 percent and the prospect for utilizing this resource is 
good. Relatively recent volcanic flows in the 1960's and 1970's 
indicate the availability of geothermal resources in the area. Active 
exploration and development currently underway also attest to the 
availability of the resources. 
The area contains two subzones established by the Legislature in 
Act 151, SLH 1984. 
The proposed areas provide for an approximate 2000-foot buffer 
zones to sensitive environmental areas, such as the Natural Area Reserve 
System and sensitive forest areas. 
Moderate impacts are expected in scenic and aesthetic values, air 
quality, employment and housing needs. These impacts can be reasonably 
expected to be mitigated in subsequent State and County permitting 
processes on a case-by~case basis. 
Kilauea Upper East Rift, Island of Hawaii 
This area shown in Figure 2 has a 90 percent or greater probability 
of locating high temperature geothermal resources and the prospect of 
utilizing the resource is good. 
Significant impacts expected to be encountered include the 
proximity to the Kilauea Volcanoes National Park to the west and the 
Natural Area Reserve System designation to the east. Additionally, the 
endangered bird O'u has.been identified to~abitat the area and high 
·{/l quality native forest aEe located north of the rift zone. Moderate 
impacts include scenic and aesthetic values, air quality, employment and 
housing needs. 
Since early 1983, active volcanic activity centered on Puu 0 has 
been taking place in the area. The current volcanic flows are viewed as 
temporary in nature and when the activity ceases, drilling over the 
volcanic flow is considered feasible and desirable considering the 
effects on other environmental values in the surrounding areas. 
The area includes the Board of Land and Natural Resources 
authorization for a Conservation District Use Application to the Estate 
of James Campbell for the exploration of geothermal resources. 
In consideration of mitigating the significant impacts expected to 
be encountered, the proposed area provides for a 2,000-foot buffer area 
to both the Volcanoes National Park and the Natural Area Reserve System. 
In addition, the encroachment into the native forest area has been 
minimized to concentrate exploration, development, and production 
activities towards the rift or volcanic flow areas. The northern 
boundary extends approximately 25 percent into the native forest area. 
Other moderate impacts may be readily mitigated by subsequent State 
and County permitting processes on a case-by-case basis. 
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Haleakala Southwest Rift, Island of Maui 
The area shown in Figure 3 has a 25 percent probability of locating 
geothermal resources. It appears to offer the best site on Maui and the 
prospect for utilizing the resources is good. 
Significant impacts expected are the scenic and aesthetic values. 
Moderate impacts include noise, lifestyle, culture and community 
setting, air quality, employment and housing needs. 
The impacts may be mitigated through subsequent State and County 
permitting processes on a case-by-case basis. 
Recommendations 
Based upon the above conclusions, the Board of Land and Natural 
Resources proposes to designate the following areas as geothermal 
resource subzones for the purpose of exploration, development, and 
production of geothermal resources: 
* Kilauea Lower East Rift, Island of Hawaii 
* Kilauea Upper East Rift, Island of Hawaii 
* Haleakala Southwest Rift, Island of Maui 
The specific areas are mapped and identified in Figures 1, 2, 
and 3. 
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INTRODUCTION 
Act 296, SLH 1983, relating to geothermal energy was signed into 
law on June 14, 1983 by Governor George R. Ariyoshi. The legislature 
found that the development and exploration of Hawaii's geothermal 
resources is of statewide concern, and that this interest must be 
balanced with interests in preserving Hawaii's unique social and natural 
environment. The purpose of this Act is to provide a policy that will 
assist in the location of geothermal resources development in areas of 
the lowest potential environmental impact. 
The Board of Land and Natural Resources is charged with the 
responsibility of designating geothermal resource subzones in the State. 
Once the subzones are established, all geothermal development activities 
may be conducted only in these designated subzones. 
LEGAL AUTHORITY 
Act 296, SLH 1983, relating to geothermal energy, provides the 
legal basis for this assessment. The Act requires the Board of Land and 
Natural Resources to designate geothermal subzones. Section 3 of the 
Act requires the Board to "adopt, amend, or repeal rules related to its 
authority to designate and regulate the use of geothermal resource 
subzones in the manner provided under chapter 91." This mandate is 
provided for under Title 13, Chapter 184, "Designation and Regulation of 
Geothermal Resource Subzones" of the Department of Land and Natural 
Resources' Rules and Regulations. Act 151, SLH 1984, clarified various 
aspects of existing geothermal development activities within the State 
and the roles of State and County governments. 
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STATEWIDE ASSESSMENT OF GEOTHERMAL RESOURCES 
A Geothermal Resources Technical Committee, selected by the 
Department of Land and-Natural Resources on the basis of their specific 
expertise, examined on a county-by-county basis geothermal resource 
areas having the potential for production of electrical energy. Due to 
the complexity of Hawaii's geologic structure and the variable nature of 
groundwater hydrology and geochemistry, the committee did not rely on 
just one set of data or a single set of rules. The assessment of 
potential for each island was based on a qualitative interpretation of 
several regional surveys conducted in Hawaii during the last 15 to 20 
years. 
The Committee identified nine locations in Hawaii County having 
geothermal resources. Six locations were identified in Maui County and 
two in the City and County of Honolulu. Kauai, Molokai, and Lanai were 
determined not to have geothermal resources of any significance based 
upon available information. A map of the locations examined is shown in 
Figure 4. 
Of the areas reviewed, five locations on the Island of Hawaii and 
two on the Island of Maui were determined to have a sufficient 
probability (greater than 25%) of locating a high temperature resource 
(greater than 125°C) at depths less than 3 kilometers. These locations 
are shown in Figures 5 and 6. 
EVALUATION OF IMPACTS ON 
POTENTIAL GEOTHERMAL RESOURCE AREAS 
The potential geothermal resource areas were evaluated on the basis 
of potential and real impacts which may occur within each of the areas. 
Based on available information-evaluations were made of geologic 
hazards, social impacts, environmental impacts, compatibility of 
development and economic impacts. Within each of these factors, 
sub-factors were identified. Each of these sub-factors were evaluated 
as to the potential impact(s) it may have on the potential zones. This 
evaluation process was made on the basis of each expert's knowledge and 
available information obtained. The results of this evaluation process 
is summarized in Figure 7. 
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Kilauea Lower East Rift, Hawaii 
Potentials for Production 
Commercially feasible quantities of steam have been confirmed by 
deep exploratory drilling on the lower rift zone. On the basis of 
positive geochemical and geophysical data and the recent eruptive and 
intrusive activity along the Kilauea East Rift Zone, there is a greater 
than 90% chance of finding a high temperature, i.e., greater than 125°C 
or 257°F, resource at depths less than 3 kilometers or approximately 
9,840 feet. 
Prospects for Utilization 
Based upon prior permit applications and developer activity, the 
prospects for utilization of both subzones being proposed is considered 
good. 
Significant or Moderate Impacts 
Social Impact 
The principal social factors affected by geothermal development 
would be in terms of lifestyle, culture, and community setting as they 
are experienced in Puna. The impact is expected to be moderate. Also 
important is the preservation of natural beauty and aesthetics, which 
could be achieved by well-planned siting, landscaping, and well-designed 
plant architecture. 
Environmental Impacts 
The general impact of geothermal development to the environment 
will be in the areas of air quality (smell) and aesthetics (visual -
plumes, towers, etc.). These impacts are expected to be moderate. 
Compatibility of Development 
A portion of the proposed Kapoho subzone includes two current 
Geothermal Resource Mining Leases, R-2 and R-3, which were declared 
subzones through Act 151, SLH 1984. 
The proposed Kapoho subzone rests within both Land Use Commission 
(LUC) classified 75% as "agricultural" and 25% as "conservation, 
limited", due to lava flow hazards which can be mitigated. Geothermal 
development is considered to be of moderate significance. 
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Economic Impact 
Geothermal development within this proposed subzone will provide 
additional jobs. Based upon past growth rates in Puna, the housing 
situation will be tighter. 
Kilauea Upper East Rift, Hawaii 
Potentials for Production 
Currently available studies indicate that a geothermal resource is 
present along the entire length of the Kilauea East Rift Zone. On the 
basis of positive geochemical and geophysical data and the recent 
eruptive and intrusive activity along the Kilauea East Rift Zone, there 
is a greater than 90% chance of finding a high temperature, i.e., 
greater than 125°C or 257°F, resource at depths less than 3 kilometers 
or approximately 9,840 feet. 
Prospects for Utilization 
Based upon prior permit applications and developer interest, the 
prospects for utilization of the proposed subzone is considered good. 
Significant or Moderate Impacts 
Geologic Hazards 
At the present time, there is volcanic activity in the area 
especially in the 90% (chance of finding a high temperature resource) 
zone. In the long term, the well sites would be located near the 
source. Upon reasonable subsidence of lava flow activity in the future, 
the decision and risks of drilling would rest upon the developer. 
Social Impact 
The principal social factor affect by geothermal development would 
be in terms of lifestyle, culture, and community setting as they are 
experienced in the Volcano area. The impact is expected to be moderate. 
Also important is the preservation of natural beauty and aesthetics, 
which could be achieved by well-planned siting, landscaping, and 
well-designed plant architecture. 
-14-
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Environmental Impacts 
The general impact of geothermal development to the environment 
will be in the areas of air quality (smell) and aesthetics (visual -
plumes, towers, etc.).' These impacts are expected to be moderate. 
A significant impact on the flora and fauna would possibly occur 
within the proposed subzone area. A major portion of this subzone area 
consists of Category l forests classified as "exceptional native forest; 
closed canopy, over 90% native cover". 
Compatibility of Development 
The proposed subzone located in the upper rift zone, rests within 
LUC classified "conservation, limited", and geothermal development is 
considered to have a significant impact. Excluded from the subzone is 
the Hawaii Volcano National Park and the Natural Area Reserve. 
Economic Impact 
Geothermal development within this proposed subzone will provide 
additional jobs. The housing situation will be tighter. 
Kilauea Southwest Rift, Hawaii 
Potentials for Production 
On the basis of positive geophysical data, recent volcanic 
activity, and consideration given to the absence of any significant 
groundwater chemical anomalies, it was concluded that there was a 
greater than 90% chance of finding a high temperature (greater than 
l25°C) resource at depths less than 3 kilometers. 
Prospects for Utilization 
Based upon available information, it is uncertain as to whether 
developers would drill within the proposed Pahala subzone area. 
Significant Impacts 
Environmental Impacts 
The general impact of geothermal development to the environment 
will be in the area of air quality (smell). This impact is expected to 
be moderate. 
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chance of finding a high temperature (greater than 125°C) resource at 
depths less than 3 kilometer. 
Prospects for Utilization 
It is uncertain as to whether developers would drill for geothermal 
resources in this subzone area. 
Significant or Moderate Impacts 
Social Impact 
In this proposed geothermal subzone area, the impact on aesthetics 
expected to be moderate. 
Environmental Impacts 
Moderate impacts would occur in the areas of air quality (smell) 
and scenic and aesthetic values (visual). 
Approximately 10% of the proposed subzone area consists of Category 
1 forest, "exceptional native forest with over 90% native canopy cover". 
Species composition consist primarily of ohia lehua, koa and mamane. 
The fauna which inhabits the forest include the Alala, Hawaiian Creeper, 
Akepa and the Nene, which are considered endangered. Therefore, 
development in this area will have a significant impact on the flora and 
fauna. 
Compatibility of Development 
The proposed subzone area is currently classified as "conservation, 
protective & resource" under the State Land Use District Classification. 
geothermal development in this subzone area would have a significant 
impact. 
Economic Impact 
Development activity in the proposed subzone area would create a 
moderate increase in employment. 
Haleakala Southwest Rift, Maui 
Potentials for Production 
Due to the geologically young age of the recent 1790 eruption and 
results of deep resistivity soundings, the conclusion drawn was that 
-18-
there is a 25% chance of finding high a temperature (greater'than 125°C) 
resource at depths less than 3 kilometers. 
Prospects for Utilization 
Based upon developer interest and activity, the prospects for 
utilization of the subzone area is good. 
Significant or Moderate Impacts 
Social Impacts 
The potential effects on lifestyle, culture, and community 
introduced by geothermal production activities, as well as the impact of 
noise to the community is considered to be moderate. The visual impact 
of a geothermal development would have a significant impact on the 
community. 
Environmental Impacts 
Air quality (smell) will have a moderate impact upon the 
environment. However, a significant impact would occur to scenic and 
aesthetic values if development occurs within the proposed subzone area. 
Economic Impacts 
Geothermal development within the proposed subzone area will 
provide additional jobs for the community. The housing situation will 
be tight. 
Haleakala East Rift, Maui 
Potentials for Production 
Based on the geologic age of the Hana Series lava flows, there is a 
25% chance of finding a high temperature (greater than 125°C) resource 
at depths less than 3 kilometers within the Haleakala East Rift Zone. 
Prospects for Utilization 
It is uncertain as to wheter developers would drill for geothermal 
resources in this subzone area. 
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Significant Impacts 
Social Impacts 
The potential effects on lifestyle, culture, and community 
introduced by geothermal production activities, as well as the impact of 
noise to the community is considered to be moderate. The visual impact 
of a geothermal resource development would have a significant impact on 
the community. 
Environmental Impacts 
Air quality (smell) and scenic/aesthetic values will have a 
moderate impact upon the environment. However, the flora and fauna 
within the proposed subzone area will be significantly impacted. 
Approximately 50% of the area is Category 1 forest, "exceptional native 
forest, closed canopy with over 90% native cover", forest. The forested 
areas provide habitat for three endangered forest birds: the Maui 
Parrot bill, the Crested Honeycreeper, and the Akepa. 
Compatibility of Development 
The proposed subzone area is presently classified as "conservation, 
protective" under the State Land Use District Classification. 
Geothermal development in the proposed subzone area would have a 
significant impact. 
Economic Impacts 
Development within the proposed subzone area will provide 
additional jobs for the community. The housing situation will be tight. 
-20-
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BOARD OF LAND AND NATURAL RESOURCES 
STATE OF HAWAII 
In the Matter of the 
Designation of the Kilauea 
Upper East Rift, Island of 
Hawaii, as a Geothermal 
Resource Subzone 
) G.S. No. 8/27/84-l 
) 
) 
) 
) 
__________________ ) 
Decision and Order on the Proposed Geothermal 
Resource Subzone at Kahauale'a, Hawaii 
Decision and Order of the Board of Land and 
Natural Resources on the Proposed Geothermal 
Resource Subzone at Kahauale'a, Hawaii 
Pursuant to Act 296, SLH 1983, Act 151, SLH 1984 and Title 13, 
Chapter 184 of the administrative rules of the Department of Land and 
Natural Resources, the Board of Land and Natural Resources has been 
assessing potential geothermal resource areas throughout the State. 
Under Act 151, SLH 1984, two areas in lower Puna, Hawaii, with existing 
wells were grandfathered as geothermal resource subzones. On 
November 16, 1984, this Soard designated two additional subzone areas in 
lower Puna on the Island of Hawaii and one on the southwest rift of 
Haleakala, Maui. 
Today the Board is acting upon a proposal to designate a 
portion of land at Kahauale'a, Hawaii. In consideration of the 
widespread interest which this proposal generated, the Board in its 
discretion conducted a contested case hearing from December 12-20, 1984 
in Hilo, Hawaii. Parties to those hearings submitted their proposed 
findings of fact and conclusions of law to the Board this past i'1onday, 
December 24, 1984. 
Under Act 151, SLH 1984, the Board must make a determination 
by December 31, 1984 regarding the designation of all or any portion of 
the land which the Board approved in its Conservation District Use 
Permit of February 25, 1984. That decision allowed Campbell Estate to 
conduct limited exploration on approximately 800 acres of land in 
Kahauale'a. The Board has reviewed and considered the proposed findings 
of fact and conclusions of law submitted by the parties. In view of the 
statutory deadline and the brief time available to the Soard s1nce it 
received the proposed findings, the decision today will be rendered 
orally. A full written decision and order will follow at a later date. 
I. The Board of Land and Natural Resources approves the designation 
of the area described in the Board's Decision and Order of 
February 25, 1983 containing approximately 800 acres of surface 
area as a geothermal resource subzone upon the occurrence of the 
following events and upon the following conditions: 
1. The cessation of volcanic acitivity in, around, and near 
the area permitted by the Board's February 25, 1983 Decision 
and Order. The determination that eruptive activity con-
stituting a geologic hazard has ceased shall be made by the 
Board upon evidence and testimony from professional 
geologists from the Hawaii Volcanoes Observctory and the 
U. S. Geological Survey. Other protess1onal ceologists with 
special experience in this particular geograohic area may be 
heard at the Board's discretion. 
2. No new activity associated vlith the pernitted area shall be 
considered until after the determination is maae that 
geologically hazardous and eruptive activity in, near, and 
around the permitted area has ceasea as provided for above. 
II. The State of Hawaii formally requests che Estate of James Campbell 
to investigate and consider a land exchanoe involving State owned 
land in Kilauea middle east rift zone ana Campbell Estate's lands 
at Kahauale'a (excluding Tract 22). 
If the State of Hawaii and Campbell Estate snould later consummate 
a land exchange involving lands at Kahauale'a for State or other 
lands upon which geothermal activities may take place, then the 
geothermal subzone designation in this Decision and Order shall 
cease to exist and shall have no force or effect in law, notwith-
standing any further requirement for a contested case hearing in 
HRS 205-5.2(/) or any other provision of law to the contrary. 
·e 
III. The Board of Land and Natural Resources on its own motion hereby 
directs the Division of Water and Land Development (DOl<ALD) of the 
Department of Land and Natural Resources (DLNR) to immediately 
undertake and conduct an assessment of the Kilauea middle east 
rift zone in and adjacent to the Natural Area Reserve beginning 
on the western boundary of the Kama il i geotherma 1 subzone as a 
potential geothermal resource subzone. Although this area had 
not previously been evaluated due to its classification as a 
Natural Area Reserve, the Board now believes that the area should 
be reviewed. 
IV. If a) the assessment of the Kilauea middle east rift zone does not 
result in a designation as a geothermal resource subzone in this 
area; or b) a land exchange between the State of Hawaii and the 
Estate of James Campbell is not consummated then the remainder of 
the 5300 acres proposed by DOWALD as a geothermal resource subzone 
in Kahauale'a heretofore not designated by this Decision and Order 
shall be and is hereby ordered to be so designated as a geothermal 
resource subzone. 
V. If the land exchange described above is consummated, the Board of 
Land and ~atural Resources strongly urges the federal government 
and the National Park Service to immediately seek to acquire 
Tract 22 (as described on its Master Plan), which the State will 
not itself seek. 
VI. If the exchange described above does occur, the entire 5300 acres 
within the proposed subzone (exclusive of Tract 22) shall be 
included within the lands acquired by the State of Hawaii from 
Campbell Estate and shall be eliminated from the proposeri subzone. 
-··· 
IT IS SO ORDERED. 
Honolulu, Hawaii December 28, 1984. 
By the Board of Land and Natural Resources 
Board of Land and Natural Resources 
~~~ 
@:~~-
________ v I ~ v~ L-• -~ 
' THOMAS VAGI I 
Decision and Order on the Proposed Geothermal 
Resource Subzone at Kahauale'a, Hawaii. 
NOTICE OF A CONTESTED CASE HEAR!llG 
BEFORE THE BOARD OF LAND AND NATURAL RESOURCES 
ON THE PROPOSED DESIGNATION OF A PORTION OF 
THE KILAUEA UPPER EAST RIFT ZONE (KAHAUALEA) 
AS A GEOTHERMAL RESOURCE SUBZONE 
Pursuant to Chapter 91, HRS, and Chapters 205-5 .1 and 205-5.2, 
HRS, as amended by Act 151, SLH 1984, and Title 13, Chapters 1 and 184, 
Administrative Rules, as amended, the Board of Land and Natural 
Resources, State of Hawaii, will conduct a contested case hearing on the 
proposed designation of approximately 5, 300 acres at Kahaualea, Puna, 
Hawaii (TMK: 1-1-01:1), as a Geothermal Resource Subzone. The 
contested case hearing will commence on December 12, 1984 at 9:00 a.m. in 
the Conference Room of the Hilo Union School Annex, 450 Waianuenue 
Avenue, Hi!o, Hawaii. 
Any person wishing to participate in the hearing as an intervening 
party must file an application in conformance with Department of Land and 
Natural Resources Rule 13-1-31 explaining briefly how he or she has a 
specific legal interest different from the public generally and how their 
interest could be affected by the proposed action. Any party may retain 
counsel if desired. An individual may appear on his own behalf, or a 
member of a partnership may represent the partnership, or an officer or 
authorized employee of a corporation or trust or association may represent 
the corporation, trust, or association. All parties shall be afforded the 
opportunity to present and cross-examine evidence and witnesses and to 
make arguments on issues before the Board. 
A copy of the Proposal outlining the facts and issues involved in the 
Kilauea Upper East Rift Subzone designation as well as other information is 
available at the Department of Land and Natural Resources offices in 
Honolulu and Hilo. 
The record of In Re the CDUA of the Estate of James Campbell (CDUA 
No. HA-3/2/82-1463) will be incorporated by reference. Only new evidence 
not previously presented will be received. Argument may incorporate any 
prior evidence. 
Written applications to intervene must be actually received no later 
than 9:00 a.m. •·- November 30, 1984, at the Chairman's Office of the Board 
of Land and Natural Resources in Honolulu for consideration. 
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Honorable Susumu Ono, Chairperson 
Board of Land and Natural Resources 
State of Hawaii 
Honolulu, Hawaii 
Dear Mr. Ono: 
Transmitted herewith for your consideration is the Statewide 
Geothermal Resource Assessment report prepared in response to your 
charge that the Technical Committee review available information and 
recommend areas in the State where geothermal resources might be 
available for electrical power generation. 
The report makes a statewide, county-by-county assessment of Hawaii's 
potential geothermal resource areas, based on currently available 
geotechnical information. 
Presented are the Committee's recommendations for high temperature 
geothermal resource areas having the potential for electrical power 
generation. High temperature is defined to be greater than 125 degree 
celsius (250 degree fahrenheit) at depths less than 3 kilometers (9800 
feet). These areas have been mapped and identified as potential 
geothermal resource areas. Also identified in the assessment process 
were low temperature (less than 125 degree celsius) geothermal 
resource areas. Further research may be directed in these areas to 
determine the availability of geothermal resources for future 
consideration in identifying potential geothermal resource areas. 
The Committee has completed its work in time for initiating impact 
analysis by the Department of Land and Natural Resources and will 
continue to be available to assist the Department throughout the 
process of designating geothermal resource subzones. 
) 
" .. L. L,c-, D as ac son 
I 
,/ 
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PREFACE 
Act 296, Session Laws of Hawaii 1983, as amended by Act 151, 
SLH 1984, required that the Board of Land and Natural Resources 
examine various factors when designating subzone areas for the 
exploration, development, and production of geothermal resources. 
These factors include potential for production, prospects for 
utilization, geologic hazards, social and environmental impacts, land 
use compatibility, and economic benefits. The Department of Land and 
Natural Resources has prepared a series of reports which addresses 
each of the subzone designation factors. This report assesses the 
potential for production of geothermal energy throughout the State of 
Hawaii. 
The Geothermal Resources Technical Committee, formed by the 
Department, has selected areas within the State which have the 
greatest potential to produce geothermal energy. The participation of 
the Committee members, who have volunteered their time and effort, is 
greatly appreciated. 
This report was prepared by Dean Nakano, Geologist, with the 
assistance of Joseph Kubacki, Energy Specialist, and under the 
general direction of ~1anabu Tagomori, Chief Water Resources and Flood 
Control Engineer, Division of Water and Land Development, Department 
of Land and Natural Resources. 
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SUMMARY 
A Geothermal Resources Technical Committee was formed to assist 
the Department of Land and Natural Resources in locating geothermal 
resources for electrical power generation. Participants were selected 
on the basis of their expertise in the field of geothermal resources in 
Hawaii. 
Technical Committee members met in a series of meetings held on 
the islands of Oahu, Maui and Hawaii to evaluate currently available 
geotechnical data relevant to the assessment and identification of 
potential geothermal resource areas. 
The statewide geothermal resource assessment, as mandated by 
Act 296, SLH 1983, was made on a county-by-county basis and "was 
based on a qualitative interpretation of regional surveys and available 
exploratory drilling data. 
The Technical Committee has identified seven High Temperature 
and five Low Temperature Potential Geothermal Resource Areas that are 
listed below: 
Potential Geothermal Resource Areas 
High Temperature Resource Areas 
(greater than 125°C at depths less than 3 km) 
Area 
Haleakala S. W. Rift Zone, Maui 
Haleakala East Rift Zone, Maui 
Hualalai, Hawaii . . . . 
Mauna Loa S. W. Rift Zone, Hawaii . 
Mauna Loa N. E. Rift Zone, Hawaii . 
Kilauea S. W. Rift Zone, Hawaii 
Kilauea East Rift Zone, Hawaii 
xi 
Percent Probabilitl 
25% or less 
25% or less 
35% or less 
35% or less 
35% or less 
Greater than 90% 
Greater than 90% 
Low Temperature Resource Areas 
(less than 125°C at depths less than 3 km) 
Area 
Waianae, Oahu .... 
Olowalu-Ukumehame, 1\laui 
Kawaihae, Hawaii 
Mauna Kea N. W. Rift Zone, Hawaii. 
Mauna Kea East Rift Zone, Hawaii . 
Percent Probability 
15% or less 
75% or less 
45% or less 
Less than 50% 
Less than 30% 
The selection of a high temperature resource area was based on 
the area's potential for production of electrical energy. The consensus 
of the Technical Committee was that present day technology requires a 
geothermal resource to have a temperature greater than 125°C at a 
depth of less than 3 km. Subsequent analysis of social, economic, 
environmental and hazards impacts will be conducted on these site 
specific areas. 
Also identified were low temperature resource areas that have a 
number of feasible direct-heat applications and may warrant future 
research to re-evaluate their potential for high temperature electrical 
power generation. 
These potential geothermal resource areas are identified on the 
following map. 
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INTRODUCTION 
The Board of Land and Natural Resources is charged with the 
responsibility of designating geothermal resource subzones in the State 
of Hawaii by Act 296, SLH 1983, signed into law on June 14, 1983 by 
Governor George R. Ariyoshi. 
The statewide geothermal resource assessment is the first phase 
in the process of designating geothermal resource subzones on a 
county-by-county basis pursuant to the Plan of Study prepared by the 
Department of Land and Natural Resources. 
Act 296, SLH 1983 mandated that this subzone work be done by 
utilizing available information. Therefore, this assessment phase will 
focus upon current geotechnical data, its interpretation and 
identification of potential geothermal resources areas on all of the major 
islands. The initial assessment based on the estimated percent 
probability of geothermal resources will be mapped to conclude this 
phase of the designation process. 
GEOTHERMAL RESOURCES TECHNICAL COMMITTEE 
The Department of Land and Natural Resources has selected a 
committee of technical experts who are closely associated with the field 
of geothermal research in the State of Hawaii. This Geothermal 
Resources Technical Committee upon evaluation of currently available 
information, has identified potential geothermal resource areas on a 
county-by-county basis. 
The members of the Geothermal Resources Technical Committee 
were selected on the basis of their area of expertise and their 
availability to assist DLNR in the evaluation of technical data relevant 
to the identification of potential geothermal resource areas. 
It should be noted that other technical experts were considered 
during the committee selection process, but due to individual problems 
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in scheduling and the projected workload increase, those contacted 
declined DLNR's request for assistance. 
A list of the participating committee members and their area of 
technical expertise is described below: 
Mr. ~lanabu Tagomori Area of expertise: Engineering 
Chief Water Resources and Flood Control Engineer 
Division of Water and Land Development 
Department of Land and Natural Resources 
Dr. Donald Thomas Area of expertise: Geochemistry 
Project Leader, Direct Heat Resources Assessment Project 
Hawaii Institute of Geophysics, University of Hawaii 
Dr. Bill Chen Area of expertise: Reservoir engineering 
Project Manager, HGP-A Wellhead Generator Project 
Participated in the Hawaii Geothermal Project as 
reservoir engineer. 
University of Hawaii - Hila 
Mr. Dallas Jackson Area of expertise: Geology and Geophysics 
Principle investigator for geoelectrical studies at HVO. 
Participated in self-potential research related to geothermal 
resource. 
U.S. Geological Survey, Hawaiian Volcano Observatory. 
Dr. James Kauahikaua Area of expertise: Geophysics 
Research includes geoelectrical studies such as resistivity surveys 
related to the identification of geothermal resource. 
U.S. Geological Survey 
l\Ir. Daniel Lum Area of expertise: Geology - Hydrology 
Head, Geology and Hydrology Section 
Division of Water and Land Development 
Department of Land and Natural Resources 
Dr. Richard Moore Area of expertise: Geology 
Chief of "Geology and Petrology of Hualalai Volcano" project. 
Research includes geological mapping and the study of geothermal 
potential on Hualalai and Kilauea Volcanoes. 
U.S. Geological Survey, Hawaiian Volcano Observatory. 
Dr. John Sinton Area of expertise: Geology 
Participated m geological mapping studies for the preliminary 
State-wide Geothermal Assessment Program. 
Hawaii Institute of Geophysics, University of Hawaii 
A more detailed resume of each committee member can be found in 
Appendix C. 
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ASSESSMENT APPROACH AND CRITERIA 
A series of committee meetings were scheduled during 
The Statewide Geothermal 
meeting 
Resource 
addressed 
assessment phase. 
the provisions of Act 296, 
th 
firs 
th organizational 
administrative 
information. 
rules, plan of 
The committee 
study, and the assessment of availabl 
members were asked to review th 
bibliography of available information to see if any significant literatur' 
had been omitted. It was also agreed that official notice be given t' 
all newspaper agencies inviting the public to submit any additional dat 
relevant to the assessment of potential geothermal resource. 
Subsequent committee meetings were scheduled to evaluate each island's 
potential for geothermal resource on a county-by-county basis. The 
following is a list of the Geothermal Resources Technical Committee 
meetings: 
Date 
March 16, 1984 
March 30, 1984 
April 9, 1984 
April 18, 19, 1984 
April 23, 1984 
l\lay 11, 1984 
June 8, 1984 
Place 
Honolulu, Hawaii 
Maui, Hawaii 
Honolulu, Hawaii 
Hila, Hawaii 
Honolulu, Hawaii 
Honolulu, Hawaii 
Honolulu, Hawaii 
Due to the complexity of Hawaii's geologic structure and the 
variable nature of groundwater hydrology and geochemistry, the 
committee did not rely on just one set of data or a single set of rules. 
Therefore, the assessment of potential for each island was based on a 
of several regional surveys conducted in 
to 20 years and any available deep 
qualitative interpretation 
Hawaii during the last 15 
exploratory 
probability 
drilling data. It was further noted that the use of 
resource, 
ranges was more 
in that probabilities 
subjective wording. 
appropriate in assessing geothermal 
would be more accurate than other 
The committee's assessment was based on the following types of 
geological, geophysical and geochemical data: 
-3-
1. Groundwater temperature data. Near surface water having 
temperatures significantly above ambient, indicative of a possible 
nearby geothermal reservoir. 
2. Geologic age. Recent eruptive activity and the evidence of 
surface features such as rift zones, calderas, vents and active 
fumaroles. 
3. Geochemistry. Groundwater having geochemical anomalies 
related to the interaction between high temperature rock and water. 
Some of the indicators of thermally altered groundwater are 
anomalously high silica (Si02), chloride (C!) and magnesium (Mg) 
concentrations. In addition, the evidence of above normal 
concentrations of trace and volatile elements such as mercury (Hg) and 
radon (Rn) may indicate leakage of geothermal fluids into nearby rock 
structures. 
4. Resistivity. The electrical resistivity of the subsurface rock 
formation is affected by the salt content and temperature of circulating 
groundwater. Therefore rocks saturated with warm saline groundwater 
have lower resistivities than rocks saturated with colder groundwater. 
5. Infrared surveys. Infrared studies of land surface and 
coastal ocean water can identify thermal spring discharges and above 
ambient ground temperatures. 
6. Seismic. Seismic monitoring of the frequency and clustering 
of earthquakes can identify earthquake concentrations that may be 
related to geothermal systems. 
7. Magnetics. Aeromagnetic surveys have identified magnetic 
anomalies associated with buried rift zones and calderas. Also, rocks 
at high temperature or those that have been thermally altered, have 
substantially different magnetic properties than normal rock strata. 
8. Gravity. Gravity surveys can provide information on the 
location of subsurface structural features such as dense intrusive 
bodies and dike zones. 
9. Exploratory drilling. Data acquired from deep exploratory 
wells can confirm the existence of high temperatures and determine if 
there is adequate permeability necessary for development. 
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10. Self potential. Self potential anomalies (natural voltages at 
the earth's surface) have been found to be highly correlated with 
subsurface thermal anomalies along the Kilauea east rift. 
A more in-depth description of the various types of geothermal 
exploration techniques can be referred to in the earlier DLNR report 
titled, "Assessment of Available Information Relating to Geothermal 
Resources in Hawaii", Circular C-98. 
STATEWIDE RESOURCE ASSESSMENT 
The preliminary phase in the Designation of Geothermal Resourc• 
Subzones is the determination of Potential Geothermal Resource Area 
on a county-by-county basis. Upon evaluation of currently availabl· 
geotechnical data, the Geothermal Resources Technical Committe, 
identified the location and percent probability of finding L01 
Temperature (less than 125°C) Resources and High Temperatur 
(greater than 125°C) Resources at depths less than 3 km. 
A county-by-county listing of the areas that were evaluated and 
the committee's conclusions follows: 
HAWAII COUNTY 
Kawaihae: 
On the basis of groundwater temperature and chemical anomalies 
and the resistivity interpretation indicating the presence of an 
intrusive body associated with the Puu Loa cinder cone; and taking 
into consideration the geologic age of this vent, the following 
probabilities are estimated: 
o 45% or less chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o Less than 10% chance of finding a high temperature (greater than 
125°C) resource at depths less than 3 km. 
Hualalai: 
Based on positive geothermal indications from geophysical data 
(resistivity, magnetics, and self potential) and the geologically young 
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age of vents along the upper rift and summit, the following 
probabilities are estimated: 
o 70% or less chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o 35% or less chance of finding a high temperature (greater than 
125°C) resource at depths less than 3 km. 
Mauna Loa Southwest Rift: 
On the basis of recent historic volcanic eruptions, seismic activity 
and taking into consideration the absence of any other significant 
geophysical or geochemical anomalies, the following probabilities are 
estimated: 
o 60% or less chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o 35% or less chance of finding a high temperature (greater than 
125°C) resource at depths less than 3 km. 
It should be noted that due to the limited amount of data, 
additional studies are warranted in the future in order to update our 
current assessment. 
!\Ia una Loa Northeast Rift: 
On the basis of geochemical and geophysical data for the lower 
rift near the vicinity of Mountain View and Keaau, it is unlikely that a 
geothermal resource would be found. 
While upper-elevation seismic and self potential data and the 
recent 1984 Mauna Loa eruption indicate a geothermal resource, it 
should be noted that current drilling technology limits development to 
elevations of less than 7, 000 feet above sea level. Based on available 
data the following probabilities are estimated: 
o 60% or less chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o 35% or less chance of finding a high temperature (greater than 
125°C) resource at depths less than 3 km. 
Kohala: 
On the basis of the limited amount of geochemical and geophysical 
data, the geologic age of the Kohala volcano, and the fact that no 
significant anomalies were observed, the following probabilities are 
estimated: 
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o Less than 10% chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o Less than 5% chance of finding a high temperature (greater than 
125°C) resource at depths less than 3 km. 
It was noted by the Committee that, due to the limited amount of 
information, future studies are warranted in order to update our 
current assessment. 
Mauna Kea Volcano: 
Strictly on the basis of geologic age and one 
temperature anomaly recorded at Waikii well No. 5239-01, 
probabilities are estimated: 
Mauna Kea Northwest Rift Zone: 
groundwater 
the following 
o Less than 50% chance of finding a low temperature 
(50-125°C) resource at depths less than 3 km. 
o Less than 20% chance of finding a high temperature 
(greater than 125°C) resource at depths less than 3 km. 
rvlauna Kea East Rift Zone: 
o Less than 30% chance of finding a low temperature 
(50-125°C) resource at depths less than 3 km. 
o Less than 10% chance of finding a high temperature 
(greater than l25°C) resource at depths less than 3 km. 
It is noted again, that due to the limited amount of available 
data, further studies are warranted in the future· to update our 
current assessment. 
Kilauea Southwest Rift: 
On the basis of positive geophysical data, recent volcanic acti-
vity, and consideration given to the absence of any significant ground-
water chemical anomalies, the following probabilities were concluded: 
o Greater than 90% chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o Greater than 90% chance of finding a high temperature (greater 
than 125°C) resource at depths less than 3 km. 
It should be noted than although the majority of the southwest 
rift zone is situated within the Hawaii Volcanoes National Park and is 
therefore off-limits to 
geothermal resource of 
geothermal 
the entire 
assessed by the Committee. 
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development, the potential 
Kilauea Southwest Rift Zone 
for 
was 
Kilauea East Rift: 
Currently available studies indicate that a geothermal resource is 
present along the entire length of the Kilauea East Rift Zone. 
Commerically feasible quantities of steam have been confirmed by deep 
exploratory drilling on the lower rift zone. Therefore, on the basis of 
positive geochemical and geophysical data and the recent eruptive and 
intrusive activity along the Kilauea East Rift Zone, the following 
probability is estimated: 
o Greater than 90% chance of finding a low temperature (50-125°C) 
and high temperature (greater than 125°C) resource at depths 
less than 3 km. 
~JAUI COUNTY 
Olowalu-Ukumehame Canyon: 
Based on currently available data (groundwater temperature, 
chemistry and rift zone structure) resistivity, magnetics, groundwater 
that can identify geophysical and 
into consideration the geologic 
geochemical anomalies, and taking 
age of West Maui, the following 
probabilities are estimated: 
o 75% or less chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o Less than 15% chance of finding a high temperature (greater than 
125°C) resource at depths less than 3 km. 
Lahaina-Kaanapali: 
Based on the absence of any positive geochemical or geophysical 
data indicating above ambient subsurface temperatures, the following 
probability was concluded: 
o Less than 5% chance of finding a low (50-125°C) or high (greater 
than 125°C) temperature resource at depths less than 3 km. 
Honolua: 
Due to the limited amount of data for the Honolua area and the 
absence of any positive geophysical or geochemical anomalies, the 
following probability was concluded: 
o Less than 5% chance of finding a low (50-125°C) or high (greater 
than 125°C) temperature resource at depths less than than 3 km. 
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Haleakala Southwest Rift: 
On the basis of currently available data, there is no direct 
evidence of warm water. However, based on the historic 1790 eruption 
and results of deep resistivity soundings, the following probabilities 
were concluded: 
o 35% or less chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o 25% or less chance of finding high a temperature (greater than 
125°C) resource at depths less than 3 km. 
Haleakala Northwest Rift: 
Based on the absence of any significant geochemical or 
geophysical anomalies other than a weak resistivity anomaly, and due 
to the geologic age of the last eruption, the following probabilities 
were concluded: 
o Less than 10% chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o Less than 5% chance of finding a high temperature (greater than 
125°C) resource at depths less than 3 km. 
Haleakala East Rift: 
The limited amount of available data did not identify any 
significant anomalies; however, based on the geologic age of the Hana 
Series lava flows, the following probabilities for the Haleakala East Rift 
Zone were concluded: 
o 35% or less chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o 25% or less chance of finding a high temperature (greater than 
125°C) resource at depths less than 3 km. 
Molokai and Lanai: 
On the basis of currently available data and the absence of any 
positive geophysical or geochemical anomalies, the probability of a 
geothermal resource is as follows: 
o Less than 5% chance of finding a low 
temperature (greater than 125°C) resource 
3 km. 
(50-125°C) or high 
at depths less than 
However, additional studies are warranted in the future in order 
to update our current assessment. 
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CITY AND COUNTY OF HONOLULU 
Waianae Volcano: 
On the basis of geologic age and weak resistivity, groundwater 
temperature, and geochemical anomalies, the probabilities for a 
geothermal resource are estimated as follows: 
o 15% or less chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o Less than 5% chance of finding a high temperature (greater than 
125°C) resource at depths less than 3 km. 
Koolau Volcano: 
Due to the geologic age of the Koolau Volcano and the absence of 
any significant geochemical, self potential, magnetic or resistivity 
anomalies, the following probabilities were concluded: 
o Less than 10% chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
o Less than 5% chance of finding a high temperature (greater than 
l25°C) resource at depths less than 3 km. 
KAUAI COUNTY 
I\auai: 
On the basis of currently available information, the geologically 
old age of Kauai's volcanic activity and the absence of any significant 
geothermal related anomalies, the probabilities for a geothermal 
resource are as follows: 
o Less than 5% chance of finding a low temperature (50-125° C) 
resource at depths less than 3 km. 
o Less than 5% chance of finding a high temperature (greater than 
125°C) resource at depths less than 3 km. 
Minutes of the Geothermal Resources Technical Committee meetings 
provide a more detailed analysis of the statewide assessment and can 
be referred to in Appendix B. 
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A complete list of the percent probabilities for potential High and 
Low Temperature Geothermal Resource Areas in the State of Hawaii is 
presented on a county-by-county basis below: 
PERCENT PROBABILITIES 
(County-by-County) 
Island/ Area 
KAUAI 
OAHU 
Waianae 
Koolau 
l\lOLOKAI 
LANAI 
~IAUI 
Olowalu- Ukumehame 
Lahaina-Kaanapali 
Honolua 
H aleakala S • W. Rift 
Haleakala N. W. Rift 
Haleakala East Rift 
HAWAII 
Kawaihae 
Hualalai 
Mauna Loa S. W. Rift 
Mauna Loa N. E. Rift 
Kohala 
Mauna Kea N. W. Rift 
Mauna Kea East Rift 
Kilauea S. W. Rift 
Kilauea East Rift 
High Temperature 
(greater than 
125°C at depths 
less than 3 km) 
Less than 5% 
Less than 5% 
Less than 5% 
Less than 5% 
Less than 5% 
Less than 15% 
Less than 5% 
Less than 5% 
25% or less 
Less than 5% 
25% or Jess 
Less than 10% 
35% or less 
35% or less 
35% or less 
Less than 5% 
Less than 20% 
Less than 10% 
Greater than 90% 
Greater than 90% 
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Low Temperature 
(less than 
125°C at depths 
Jess than 3 km) 
Less than 5% 
15% or less 
Less than 10% 
Less than 5% 
Less than 5% 
75% or Jess 
Less than 5% 
Less than 5% 
35% or less 
Less than 10% 
35% or less 
45% or less 
70% or less 
60% or less 
60% or less 
Less than 10% 
Less than 50% 
Less than 30% 
Greater than 90% 
Greater than 90% 
POTENTIAL GEOTHERMAL RESOURCE AREAS 
The conclusions of the Technical Committee demonstrated that no 
single g·eothermal exploration technique, except for exploratory 
drilling, is capable of positively identifying a subsurface geothermal 
system, instead it is based on several methods resulting in an estimate 
of geothermal potential for a given area. 
The results of the technical committee's evaluation of currently 
available data provides an estimate of percent probability for high 
temperature (greater than 125°C) and low temperature (less than 
125°C) geothermal resources. 
The key criterion in the preliminary subzone designation is the 
assessment of an area's geothermal potential for production of electrical 
energy, as mandated by Act 296. The consensus of the technical 
committee was that current technology would require the resource to 
have a temperature greater than 125°C at a depth of less than 3 km. 
One of the most important conditions in a productive geothermal 
system is a permeable zone that permits adequate recharge of water to 
the reservoir. This criterion was not addressed during the resource 
assessment process, since only exploratory drilling and flow testing of 
deep exploratory wells can confirm the nature of the aquifer. 
Upon evaluation of the data and review of the list of percent 
probabilities, the technical committee identified seven High Temperature 
Potential Geothermal Resource Areas. The criterion for selection of 
high temperature resource areas was agreed to be those areas having 
an assessed probability of at least 25% chance of finding a high 
temperature (greater than 125°C) resource at depths less than 3 km. 
Two location maps for the island of Maui and Hawaii and a list of 
these High Temperature Potential Geothermal Resource Areas follows: 
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Hi Geothermal Resource Areas 
Percent Probability 
~laui: 
Haleakala S. W. Rift Zone 
Haleakala East Hift Zone 
Hawaii: 
Hualalai 
Mauna Loa S. IV. Rift Zone 
~launa Loa N. E. Rift Zone 
Kilauea S. IV. Rift Zone 
Kilauea East Rift Zone 
25% or less 
25% or less 
35% or less 
35% or less 
35% or less 
Greater than 
Greater than 
90% 
90% 
On the basis of the committee's conclusions and the specific 
provision for electrical power generation set forth in Act 296, these 
seven High Temperature Potential Geothermal Resource Areas were 
identified and mapped. The technical members agreed that equal 
weight would be given to all positive data and the probability areas 
mapped would be below the 7000-foot elevation due to the limits of 
current drilling technology. 
The use oi dashed lines in identifying certain Potential Geothermal 
Resource Areas indicated that mapping was based on a limited amount 
of data. The committee could not scientifically justify using a solid 
iine to clearly locate certain resource areas on the basis of such 
sparse data. The use of a solid line to draw a boundary of percent 
probability was restricted to those resource areas having a substantial 
data base upon which to make a decision as to the location of the 
resource. 
Site location and sectional maps of Maui (scale 1 "= 1 mile) and 
Hawaii (scale 1" = 2 miles) showing High 
Geothermal Resource Areas and the boundary 
Temperature Potential 
lines of percent prob-
ability are included in Appendix B (meeting No. 6). 
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OTHER GEOTHERMAL RESOURCE AREAS 
Low Temperature Potential Geothermal Resource Areas, although 
not yet viable for electrical energy production based on current 
geothermal utilization technology, have a number of feasible direct-heat 
applications. Marketing opportunities for geothermal heat in the near 
future will be dependent upon the identification of low temperature 
resource areas. In addition, future site-specific surveys are 
warranted in these areas to re-evaluate their potential for high 
temperature electrical power generation. 
The Geothermal Resources Technical Committee identified twelve 
Low Temperature Potential Geothermal Resource Areas. The basis for 
selection was agreed to be those areas having an assessed probability 
of at least 15% chance of finding a low temperature (less than 125°C) 
resource at depths less than 3 km. A list of five selected areas and a 
location map follows: 
Low Temperature Potential Geothermal Resource Areas 
(less than 125 6 C at depths less than 3 km) 
Statewide 
Waianae, Oahu 
Olowalu-Ukumehame, Maui 
Kawaihae, Hawaii 
r,launa Kea N. W. Rift, Hawaii 
Mauna Kea East Rift, Hawaii 
Percent Probability 
15% or less 
75% or less 
45% or less 
Less than 50% 
Less than 30% 
Note: Not included in the list are the seven High Temperature 
Potential Geothermal Resource areas that also have low 
temperature potential. 
A brief abstract of various types of direct-heat applications for 
geothermal energy follows: 
Tourism/ spa: 
The visitor trade may find a market for geothermal resources 
in the form of spas or the heating and cooling of hotel complexes. 
Agriculture: 
The processing of sugarcane and the heating of greenhouses 
and poultry operations could benefit from direct heat utilization. 
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Food Processing: 
The use of a moderate temperature resource in the process-
ing of fruits and vegetables is another possible market in Hawaii. 
The food processing industry could utilize geothermal energy for 
the processing of macadamia nuts, coffee, guava, papaya and 
bananas. 
Aquaculture: 
Aquaculture activities can benefit from low temperature 
resources. Geothermal fluids can be used to maintain optimum 
growing temperatures for farming operations. 
Existing activities that are not energy-intensive may be able to 
use waste heat produced during electrical power generation. Multiple 
applications of direct-heat may reduce some of the costs and result in 
a more efficient use of geothermal energy. 
CONCLUSIONS 
The results of the Statewide Geothermal Resource Assessment has 
identified several areas in the State of Hawaii that may have significant 
geothermal potential. Evaluation and identification of these potential 
geothermal resource areas were based on currently available informa-
tion on geology, geophysics, geochemistry and deep exploratory 
drilling data. 
A committee of technical experts was selected, on the basis of 
experience and area of expertise, to identify and provide an estimate 
of the percent probabilities for finding high temperature (greater than 
125°C) and low temperature (less than 125°C) geothermal resources at 
depths less than 3 km. 
The findings of the committee resulted in the identification of 
seven High Temperature and five Low Temperature Potential Geothermal 
Resource Areas. These areas and their respective percent probability 
are presented as follows: 
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Location 
Hawaii County: 
1) Hualalai 
2) Mauna Loa S. IV. Rift 
3) Mauna Loa N. E. Rift 
4) Kilauea S . W. Rift 
5) Kilauea East Rift 
6) Kawaihae 
7) Mauna Kea N. W. Rift 
8) Mauna Kea East Rift 
Maui County: 
9) Haleakala S. W. Rift 
10) Haleakala East Rift 
11) Olowalu-Ukumehame 
City and County of Honolulu: 
12) Waianae 
High Temp. 
Resource 
35% or less 
35% or less 
35% or less 
Greater than 
Greater than 
25% or less 
25% or less 
90% 
90% 
Low Temp. 
Resource 
70% or less 
60% or less 
60% or less 
Greater than 
Greater than 
45% or less 
Less than 50% 
Less than 30% 
35% or less 
35% or less 
75% or less 
15% or less 
90% 
90% 
The Statewide Geothermal Resource Assessment is the first phase 
in the plan of study for Designating Geothermal Resource Sub zones, 
and these first-cut subzones based solely on the availability of 
geothermal resources capable of electrical power generation have been 
mapped. Subsequent analysis of social, economic, environmental and 
hazards impacts will be conducted on these site specific areas having 
significant potential for the production of electricity from geothermal 
energy. 
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APPENDIX B 
MINUTES OF TECHNICAL COMMITTEE MEETINGS 
.,..,,., .... ,,. o• .. ~ ..... 
STATE OF HAWAII 
DEPARTMENT OF LANO ANC NATURAL RESOURCES 
DIVISION OF WATER .A.NO L..ANO CE:VEL.CPMENT 
'· 0. lOX l1:1 
l<lHCILUlU. M.AWAII M1C9 
Agenda 
Geothermal Resource Subzone 
Technical Committee ~leeting 
lllarch 16, 1984 
Part I: 9:00 am to 12:00 Noon - Room 227, Kalanirnoku Building 
Session Leader: l\lanabu Tagomori 
• Call to order 
• Introductions 
• Purpose and scope of work 
• Committee meetings 
• Administrative matters 
• Review Plan of Study 
• Review resource assessment of available information 
Pa.rt II: 1:30 to 3:30 pm- HIG, University of Hawaii 
Session Leader: Dr. Donald Thom3.s 
• Geothermal Resources of Hawaii (map) 
• Contribution by members 
• Summary of discussions 
• Directions for future meetings 
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Date: 
MINUTES 
(Amended) 
Geothermal Resources Technical Committee 
Meeting No. 1 
~larch 16, 1984 
Time: 9:30 am- 12:00 Noon; 1:30 pm- 4:00pm 
Place: Div. of Water & Land Development Conference Room (morning); 
Hawaii Institute of Geophysics (afternoon). 
Participants: 
Manabu Tagomori, Chairman, DOWALD (548-7619) 
Donald Thomas, Technical Leader, HIG (948-6482) 
Dan Lum, DOWALD (548-7643) 
Jim Kauahikaua, USGS-Honolulu (546-8331) 
John Sinton, HIG (948-7751) 
Dallas Jackson, HVO (967-7328) 
Dick ~loore, HVO (967-7328) 
William Chen, UH-Hilo (not present) 
Joe Kubacki, DOWALD (548-7466) 
Dean Nakano, DOWALD (548-7541) 
Agenda is attached. 
r.Iorning 
~lanabu Tagomori called the meeting to order and addressed all points 
listed in agenda. 1.1anabu, with staff assistance, reviewed the provisions of 
Act 296, SLH 1983, the administrative rules; plan of study; assessment of 
available information; public participation program; and a report on 
geothermal resource developments. 
Don Thomas suggested that committee members read the DOWALD 
assessment of available information to see if any significant literature was 
omitted. It was also suggested that newspaper notice be given to the 
public inviting them to submit any pertinent literature. 
The key criteria in the preliminary subzone designation is assessing an 
area's geothermal potential for production of electricity. It was agreed that 
current technology would require the resource to have a temperature of 
more than 125°C at a depth of less than 3 km. 
Don Thomas is to supply the committee with his latest HIG report 
assessing Hawaiian Geothermal resources. 
Committee members may be asked to participate in a public 
informational meetings. 
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Afternoon 
The meeting was reconvened by Don Thomas, the committee technical 
leader. Dates, locations, and topics of future meetings were scheduled. 
Date Place 
r.Iarch 16 (Fri.) Honolulu 
r.Iarch 30 (Fri.) ~Iaui 
April 6 (Fri.) Honolulu 
April 19 (Thurs) Hawaii 
~lay 4 (Fri.) Honolulu 
Topic of Discussion 
Scope of work, administrative matters, 
assessment of Kauai, Oahu, Molokai, 
Lanai 
Assessment of west ~laui and east Maui 
Assessment of Big Island, including 
Hualalai, Kawaihae , South Point , and 
Kilauea's SW rift zone 
Assessment of Kilauea's east rift zone 
Assessment review session 
Travel and accommodations is to be arranged by Dean Nakano. 
The above schedule is subject to change depending on the pace of the 
assessment process and other commitments of committee members. 
It was suggested that the first of two public informational meetings be 
scheduled between April 19 and ~lay 4, possibly April 23 or 24. Two 
meetings each will be held on both Maui and the Big Island. 
It was agreed that the use of probability ranges was appropriate in 
assessing resource areas. Probabilities, though not precise, woulc~ be less 
ambiguous than other subjective wording. Groundwater temperatures were 
determined to be the most significant surface indicator of geothermal 
resources in most cases. 
I. ASSESSMENT OF KAUAI 
Groundwater Temperature. No significant data indicating above ambient 
temperatures. 
Geologic Age. Earlier island building activity 5. 6 to 3, 3 million 
years ago (mya); post erosional activity 1.4 to 0.6 mya. 
Geochemistry. Some ground water anomalies have been noted but are likely 
to be caused by facts other than geothermal, e.g. irrigation return. 
Resistivity. No significant data. 
Infrared Surveys. No significant data. 
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Gravity/Magnetic. Available data pertinas to identification of deep 
structural features (Krivoy, 1965; Malahoff and Woolard, 1965). 
Seismic. No significant data. 
Exploratory Drilling. No deep exploratory well data available. 
Self Potential. No significant data. 
KAUAI CONCLUSION: 
On the basis of available data, the geologic age of Kauai's volcanic 
activity and the absence of any significant geothermally related anomalies, 
the probabilities of a geothermal resource are as follows: 
• Less than 5% chance of finding low temperature (50-125°C) resource at 
depths less than 3 km. 
• Less than 5% chance of finding high temperature (greater than 125°C) 
resource at depths less than 3 km. 
II. ASSESSMENT OF OAHU 
A. Waianae Volcano 
Groundwater Temperature. Weak anomaly noted at well 2808-01 where the 
temperature of dike impounded water is 27°C. Temperatures in nearby 
wells are about 19°C. 
Geologic Age. The main shield building volcanism on Waianae has been 
dated about 2. 4 million years old. Post erosional activity has occurred 
but no shallow magma chamber is associated with the Waianae Volcano. 
Geochemistry. Some anomalous concentrations of sulfate and calcium at 
well 2808-01. Radon and mercury anomalies give some indication of 
fracture zones. 
Resistivity. Some low resistivity anomalies, but inconclusive as to 
presence of geothermal resource. 
Infrared Surveys. No significant data. 
Seismic. Some seismic studies considered (Furumoto, 1970) but inconclusive 
as to presence of geothermal resource. 
Gravity/Magnetic. Available data pertains to the identification of deep 
structural features (Malahoff, 1965; Strange, et al, 1965). 
Exploratory Drillin£. Reference is made to 3 deep wells (800 ft., 1000 ft. 
and 1200 f't. epths) but no significant data is available (Macdonald 
and Abbott, 1970; Stearns, 1935). 
B-6 
Self Potential. Available data has no positive indications of geothermal 
resource (Grose and Keller, 1975). 
B. Koolau Volcano 
Groundwater Temperature. Slight temperature anomalies noted in 2 wells. 
Well No. 2043 01 (30°C) and Well No. 2042-05 (30°C). 
Geologic A!e. Post-erosional volcanism occurred until possibly 
30,00 years ago. 
Geochemistry. Available data has no positive indications of geothermal 
resource. 
Resistivity. Available data has no positive indications of geothermal 
resource. 
Infrared Surveys. No significant data. 
Seismic. Data suggests that the Koolau magma chamber is relatively 
shallow, being about 1. 6 km below the surface (Adams and 
Furumoto, 1965) (Furumoto, 1976). 
'\1agnetic. Available data pertains to deep structures (Malahoff, 1965). 
Gravity. Provides depth estimate to Koolau plug of 1. 5 to 2 km 
(Strange et a!., 1965). 
Exploratory Drilling. No deep exploratory well data available. 
Self Potential. Available data has no positive indications of geothermal 
resource. 
OAHU CONCLUSION: 
WAIANAE VOLCANO 
On the basis of geologic age and some resistivity, groundwater 
temperature and geochemical anomalies, the probabilities for a 
geothermal resource are as follows: 
• 15% or less chance of finding low temperature (50-125°C) 
resource at depths less than 3 km. 
• Less than 5% chance of finding high temperature (greater than 
125°C) resource at depths less than 3 km. 
KOOLAU VOLCANO 
Due to the geologic age and the absence of any significant 
geochemical, self potential, magnetic or resistivity anomalies, the 
following probabilities have been concluded: 
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• Less than 10% chance of finding low temperature (50-125°C) 
resource at depths less than 3 km. 
• Less than 5% chance of finding high temperature (greater than 
125°C) resource at depths less than 3 km. 
III. ASSESSMENT OF MOLOKAI AND LANAI 
Groundwater Temperature. 
West ~lolokai - Reported but unconfirmed anomaly in Well No. 1011-01 
having a temperature of 30-33°C. Well presently is collapsed. 
East ~lolokai and Lanai - Available data has no positive indications of 
geothermal resource. 
Geologic Age. 
West ~lolokai - About 8 million years old. 
East iVlolokai - About 1. 5 to 1. 3 million years old, with post erosionai 
activity at Kalaupapa Peninsula about 400,000 years ago. 
Lanai - About 1. 6 to 1. 8 million years old. 
Geochemistry. 
ivlolokai - Some weak ground water chemistry anomalies but probably 
due to irrigation water return or soil types. 
Lanai - Available data has no positive indications of geothermal 
resource. 
Resistivity. No significant data. 
Infrared. No data available. 
Seismic. No data available. 
Gravity I Magnetic. Available data pertains to identification of deep 
structural features. The central caldera and rift systems of West 
Molokai are well defined by gravity highs, with marginal coverage over 
the eastern end of the island (Moore and Krivoy, 1965; Malahoff, 
1976). 
Exploratory Drilling. No deep exploratory well data available. 
Self Potential. No data available. 
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MOLOKAI AND LANAI CONCLUSION: 
On the basis of available data and the absence of any positive 
geophysical or geochemical anomalies the probability for a geothermal 
resource is as follows: 
• Less than 5% chance of finding a low (50-125°) or high (greater than 
125° )temperature resource at depths less than 3 km 0 It should be 
noted that due to the limited data, future studies are warranted in 
order to update our current assessment o 
Recommended references for l\1aui: 
Diller Thesis 
Brill 
Horton 
Kennedy 
Lienert 
Mattice Thesis 
Sinton Maps 
HVO records for Maui Seismometer 
Crandell ~lap 
DEAN NAKANO 
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9:00 am to 
12:00 N -
12:00 N to 
12:30 pm -
2:00 pm to 
2:30 pm 
2:30 pm to 
4:30 pm -
4:30 pm -
Agenda 
Geothermal Resources Technical Committee 
Meeting No. 2 
March 30, 1984 
Maui Electric Company 
210 Kamehameha Avenue 
Kahului, ~Iaui 
• Call to order: Dan Lum 
• Remarks by Arden Henderson, Maui Electric Co. 
• Approval of minutes 
Session Leader: Donald Thomas 
• Review Conclusions on Kauai, Oahu, Molokai, and Lanai 
• Assessment of Geothermal Resources on Maui 
* West ~Iaui 
* East Maui, generally 
* Haleakala S. W. Rift Zone 
• Review key references for Hawaii 
• Lunch and 15 minute geothermal video presentation 
by r,Iaui Electric Co. 
• Presentation by R. B. ~loss, Mid-Pacific Geothermal, Inc. 
and Allan Kawada, True Geothermal Energy Co. 
• Field trip to Haleakala South West Rift Zone (Ulupalakua 
Ranch, l\Iaui Electric Company, Mid- Pacific Geothermal, 
Inc., Technical Comm.) Field trip leader: R.B. Moss 
• Adjournment 
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Date: 
Time: 
Place: 
MINUTES 
(Amended) 
Geothermal Resources Technical Committee 
Meeting No. 2 
i'ilarch 30, 1984 
9: 00 am - 2:00 pm; 2:30 pm - 4: 30 pm 
Maui Electric Co. Conference Room (morning) 
Ulupalakua Ranch (afternoon) 
Participants: Dan Lum, DOWALD 
Donald Thomas, HIG 
Jim Kauahikaua, USGS 
John Sinton, HIG 
r.Jorning 
Joe Kubacki, DOWALD 
Dean Nakano, DOWALD 
r,leeting called to order by Dan Lum, followed by opening remarks 
from Arden Henderson of Maui Electric Co. who reported briefly on the 
importance of geothermal development on Maui. i\lr. Henderson stressed 
the desire for electrical production from geothermal energy rather than 
fossil fuel, thereby reducing Hawaii's dependence on imported oil and 
creating less pollution in the environment. Maui Electric Co.'s present 
electrical output is 96 megawatts and the initial goal at the proposed 
Ulupalakua Ranch site would be 13 megawatts with a maximum production 
set at 50 megawatts. 
A 15-minute video film presentation produced by r,!aui Electric Co. 
was viewed by the members of the technical committee. The video briefly 
described geothermal development and interviewed various members of the 
community and government officials whose general consensus was in favor 
of geothermal energy as an alternate resource. 
The minutes of the March 16, 1984 meeting and the Committee's 
conclusions on Kauai, Oahu, Molokai and Lanai were revised and approved 
by the Technical Committee. 
The next meeting was tentatively scheduled for April 6, 1984 at 
9:00 am in the HIG conference room in Honolulu. 
The meeting was turned over to Don Thomas who divided the 
assessment of Maui into six (6) general locations: 
West Maui: (O!owalu-Ukumehame, Lahaina, Honolua); and 
East Maui: (Haleakala S.W. Rift Zone, Haleakala East Rift, Haleakala 
N. W. Rift Zone) 
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Based upon the available information, the following assessment and 
probability ranges were concluded by the Technical Committee: 
I. ASSESSMENT OF WEST MAUl 
A. OLOWALU-UKUMEHAME CANYON 
Groundwater Temperature. Confirmed low temperature anomalies 
noted in two wells: Well No. 4937-01 (25.6°C) and Well No. 4835-01 
(35°C). 
Geologic Age. The main shield building volcanism on West Maui has 
been dated between 1.15 to 1. 30 million years ago (mya) and some post 
erosional activity has occurred. Data indicates that the southeast rift 
migrated from a southeasterly strike to a southwesterly strike. 
Structural features such as dikes, plugs and vents have been identified 
within the canyon (l"\lacdonald and Abbott, 1970; McDougall, 1964; Diller, 
1982; Stearns, 1942). 
Geochemistry. Some minor mercury and radon anomalies noted, but 
unable to make any firm conclusions due to the limited amount of data 
(Cox and Cuff, 1981). Some anamolous calcium and sulfate concentrations 
recorded at well No. 4937-01. Recent water samples confirmed silica and 
chloride/ magnesium ratio anomalies possibly indicating thermal alteration. 
Spring and stream water samples indicate a difference in groundwater 
chemistry between those taken near the back of Olowalu Canyon and those 
found at the mouth of Ukumehame Canyon. It should be noted that 
tritium levels (Kennedy, 1983) indicate rapid circulation of above ambient 
groundwater, possibly indicating a shallow, low temperature resource. 
Resistivity. Schlumberger surveys indicate an anomalous layer of 
seawater havmg low resistivity. This anomalous resistivity layer 
(approximately 4. 3 ohm-m) has been estimated to be up to 500 m thick 
and located 80-200 m below sea level. Based on 20% porosity, fluid 
temperature has been estimated at 90°C (t'vlattice, 1981; Mattice and 
Lienert, 1980). 
Infrared Surveys. No available data. 
Seismic. No significant data. 
Magnetic. Available data pertains to the identification of deep 
structural features. A magnetic anomaly identified an intrusive body in 
the canyon, possibly indicating a reversal of polarity or temperatures 
above the Curie point (543°C) (Malahoff and Woolard, 1965; Lienert, 
1983). 
Gravity. Available data has no positive indications of geothermal 
resource <Kinoshita and Okamura, 1965). 
Exploratory Drilling. No deep exploratory well data available. 
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Self Potential. Available data has no positive indications of 
geothermal resource (Kauahikaua and Mattice, 1981). 
Conclusion: 
Based on available data (groundwater temperature, resistivity, 
magnetics, groundwater chemistry and rift zone structure) that identify 
geophysical and geochemical anomalies and taking into consideration the 
geologic age of West ~1aui, the following probabilities were concluded: 
• 75% or less chance of finding low temperature (50-l25°C) resource at 
depths less than 3 km. 
• Less than 15% chance of finding high temperature (greater than 
l25°C) resource at depths less than 3 km. 
B. LAHAINA-KAANAPALI 
Groundwater Temperature. Weak groundwater temperature anomalies 
noted in 3 wells: Well No. 5240-01 (26.82°C); \Vel! No. 5240-03 
(24.93°C); and Well No. 5340-01 (25.20°C). 
Geologic Age. Lahaina-Kaanapali area located to the northwest of 
Olowalu Canyon. Two post erosional vents have been identified (Puu 
Laina and Kekaa Point) but there does not appear to be any relationship 
between these vents and the West ~laui Rift Zones (l,lacdonald and Abbott, 
1970; Diller, 1982). 
Geochemistry. Available data has no positive indications of 
geothermal resource. Results of mercury and radon survey similar to 
Olowalu-Ukumehame, indicated few minor anomalies, but unable to draw 
any firm conclusions (Cox and Cuff, 1981). 
Resistivity. Schlumberger survey data available but no positive 
indications of geothermal resource (~lattice, 1981; ~.lattice and Lienert, 
1980). 
Infrared Surveys. No available data. 
Seismic. No significant data. 
Magnetic. Available data pertains to the identification of deep 
structural features (Malahoff and Woolard, 1965). 
Gravity. Available data has no positive indications (Kinoshita and 
Okamura, 1965; Malahoff and Woolard, 1965). 
Exploratory Drilling. No deep exploratory well data available. 
Self Potential. Available data has no positive indications of 
geothermal resource (Kauahikaua and ~lattice, 1981). 
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Conclusion: 
Based on the absence 
indicating above ambient 
probability was concluded: 
of any positive geochemical or geophysical data 
subsurface temperatures, the following 
• Less than 5% chance of finding a low (50-125°C) or high (greater 
than 125°C) temperature resource at depths less than 3 kra. 
C. HONOLUA 
Groundwater Temperature. Available data does not report any 
groundwater temperature anomalies. 
Geologic Age. Although Honolua is located near the northwest rift 
zone, no post erosional activity has been recorded (Macdonald and 
Abbott, 1970). 
Geochemistry. No significant groundwater chemistry anomalies 
(Thomas et al, 1979). 
Resistivity. Schlumberger survey data report no significant 
resistivity anomalies (Thlattice, 1981). 
Infrared Surveys. No data available. 
Seismic. No data available. 
:\1agnetic. Available data pertains to the identification of deep 
structurai features (Malahoff and Woolard, 1965). 
Gravity. Available data has no positive indications (Kinoshita and 
Okamura, 1965; r.1alahoff and Woolard, 1966). 
Exploratory Drilling. No deep exploratory well data available. 
Self Potential. No data available. 
Conclusion: 
Based on the absence of any positive geophysical or geochemical 
anomalies, the following probability was concluded: 
• Less than 5% chance of finding a low (50-125°C) or high (greater 
than 125°C) temperature resource at depths less than 3 km. 
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II. ASSESSMENT OF EAST MAUl 
A. HALEAKALA SOUTHWEST RIFT ZONE 
Groundwater Temperature. All wells sampled were located outside of 
the rift zone and many of these wells tapped into perched aquifers rather 
than the local basal lens. Available data indicates no significant 
groundwater temperature anomalies. 
Geologic A~e. Haleakala is the younger and larger of the two 
volcanoes thatormed the island of l\laui. Three eruptive phases have 
been identified: The Honomanu Phase (approximately 750,000 years ago); 
the Kula Series (approximately 500,000-600,000 years ago); and more 
recently the Hana Series that began about 70,000 years ago. Six to 
seven eruptions have occurred on the S. W. Rift within the last 1000 years 
and the lava's crystal formation suggests that these flows came from a 
magma chamber at moderate depth. The most recent post erosional 
eruption occurred in 1790 on the lower S. W. Rift of Haleakala from 2 
vents located at elevations 155 m and 472 m above sea level (Macdonald 
and Abbott, 1970; Crandell, 1983; Sinton, 1983). 
Geochemistry. Soil mercury and radon emanometry surveys 
identified some anomalies, but due to wide variations in soil and rock 
types no definite conclusions could be drawn (Cox and Cuff, 1981). 
Resistivity. Schlumberger surveys indicated high resistivities and 
yielded little information regarding thermal conditions (lVlattice, 1981). 
Electromagnetic soundings indicated moderate to low resistivity (6 to 7 
ohm-m) to depths of 1 Km on the lower rift zone and higher resistivities 
(12 to 16 ohm-m) beneath the upper rift zone (Lienert, 1983). 
Subsurface temperature has been estimated at 57°C based on 20% porosity 
within 500-800 meters below sea level. 
Infrared Surveys. No available data. 
Seismic. No significant data having positive indications of 
geothermal resource. 
Gravity/l\Jagnetic. Available data pertains to the identification of the 
rift zone (Kinoshita and Okamura, 1965; ~lalahoff and Woolard, 1966). 
Exploratory Drilling. No deep exploratory well data available. 
Self Potential. Available data has no positive indications of 
geothermal resource (~lattice and Kauahikaua, 1981). 
Conclusion: 
On the basis of available data, there is no direct evidence of warm 
water. However, due to the young geologic age of the recent 1790 
eruption and the results of the deep resistivity soundings, the following 
probabilities have been concluded: 
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• 35% or less chance of finding low temperature (50-125°C) resource at 
depths less than 3 km. 
• 25% or less chance of finding high temperature (greater than 125°C) 
resource at depths less than 3 km. 
B. HALEAKALA NORTHWEST RIFT ZONE 
Groundwater Temperature. Water temperatures ranged from 21°C to 
24°C but are related to perched ash bed aquifers rather than basal 
ground water. 
Geologic Age. Some Kula Series vents (about 500,000 years old) 
have been located on the lower N. IV. Rift, but no Hana Series vents have 
been identified (Macdonald and Abbott, 1970; McDougall, 1964). 
Geochemistry. Soil mercury and radon emanometry surveys indicated 
above ambient levels but may be due to wide variation in soil and rock 
type. Groundwater chemistry anomalies are related to perched ash bed 
aquifers rather than basal ground water (Cox and Cuff, 1981). 
Resistivity. Schlumberger soundings indicated a weak resistivity 
anomaly at a depth of about 20 meters (Mattice and Lienert, 1980; 
f1lattice, 1981) . 
Infrared Survey. No available data. 
Seismic. No available data. 
Gravity/Ma~netics. Available data pertains to the identification of 
the rift zone (Kmoshita and Okamura, 1965; Malahoff and Woolard, 1965). 
Exploratory Drilling. No deep exploratory well data available. 
Self Potential. Available data has no positive indications of 
geothermal resource (Mattice and Kauahikaua, 1981). 
Conclusion: 
Based on the absence of any geochemical or geophysical anomalies 
other than a weak resistivity anomaly and due to the geologic age of the 
last eruption, the following probabilities were concluded: 
• Less than 10% chance of finding low temperature (50-l25°C) 
resource at depths less than 3 km. 
• Less than 5% chance of finding high temperature (greater than 
125°C) resource at depths less than 3 km. 
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C. HALEAKALA EAST RIFT ZONE 
Groundwater Temperature. Water temperatures ranged from 18.5°C 
to 20. 2°C, well within the normal range. 
Geologic Age. The East Rift Zone has had recent (Kula and Hana 
Series) volcanism similar to the S. W. Rift Zone. Lava has been dated 
between 490 to 10,000 years ago (Crandell, 1983; Macdonald and Abbott, 
1970). 
Geochemistry. Some data indicated chloride/magnesium and sulfate 
anomalies, but these wells are reportedly not pumped on a regular basis; 
therefore, no positive indications can be confirmed. 
Resistivity. Available data has no positive indications of geothermal 
resource (Matt1ce, 1981; ~lattice and Kauahikaua, 1981). 
Infrared Surveys. No available data. 
Seismic. No available data. 
Gravity/~1a~netics. Available data pertains to identification of the 
rift zone (Kinos ita and Okamura, 1965; Malahoff and Woolard, 1966). 
Exploratory Drilling. No deep exploratory well data available. 
Self Potential. No available data. 
Conclusion. 
Taking into consideration the limited amount of available data and 
based solely on the geologic age of the Hana Series lava flows, the 
following probabilities for the Haleakala East Rift Zone were concluded: 
• 35% or less chance of finding low temperature (50-125°C) resource at 
depths less than 3 km. 
• 25% or less chance of finding high temperature (greater than 125°C) 
resource at depths less than 3 km. 
Afternoon 
Rod Moss from Mid-Pacific Geothermal, Inc. and Allan Kawada from 
True Geothermal Energy Co. gave a short presentation on their proposed 
geothermal venture on Ulupalakua Ranch lands. Although no new 
technical data was submitted, Mr. Moss indicated that the Maui area being 
considered is along the S. W. rift zone; identified (Crandell, 1983) as 
having the most potential for volcanic activity on dormant Haleakala. A 
leasing agreement has been reached between Ulupalakua Ranch and 
True/Mid-Pacific. It was also noted that other areas on East ~laui 
( Haleakala N. W. rift and Haleakala East Rift) had been seriously 
considered, but failed to materialize due to the problems associated with 
the leasing of contiguous land. 
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During our afternoon field trip, the Technical Committee was able to 
view the proposed drilling sites on Ulupalakua Ranch, running from about 
the 6,000-foot elevation down to about a mile and a half from Cape Kinau. 
Mr. Moss emphasized the availability of land, the limited number of 
residents and indicated that the nearest populated spot was Kainao 
Homesteads. 
Upon completion of the field trip the meeting was adjourned at 
4:30 pm. 
DEAN NAKANO 
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9:00 am 
AGENDA 
Geothermal Resources Technical Committee 
Meeting No. 3 
April 9, 1984 
Hawaii Institute of Geophysics 
(Conference Room) 
University of Hawaii 
Honolulu, Hawaii 
Call to Order: Manabu Tagomori 
• Approval of minutes (to be circulated at the meeting) 
Technical Session Leader: Donald Thomas 
• Review Conclusions on ~laui 
• Assessment of geothermal resources on Hawaii, generally 
12:00 noon- Lunch 
1:00 pm Continue morning session 
• Review key references for Kilauea East Rift Zone 
• Review future meeting schedule 
3:00 pm Adjournment 
B-19 
Date: 
Time: 
Place: 
MINUTES 
(Amended) 
Geothermal Resources Technical Committee 
~1eeting No. 3 
April 9, 1984 
9:00 am - 12:00 Noon; 1:30 pm - 3:30 pm 
HIG Conference Room, University of Hawaii 
Participants: Manabu Tagomori, Chairman, DOWALD 
Donald Thomas, HIG 
Dan Lum, DOWALD 
John Sinton, HIG 
Dallas Jackson, I!VO 
Richard ~1oore, HVO 
Joe Kubacki, DOWALD 
Dean Nakano, DOWALD 
c.lorning Session 
:.Janabu Tagomori called the meeting to order and thanked all of the 
Technical Committee members for their continued assistance in this assess-
ment program. The Committee was informed that the administrative rules 
have been approved by the Governor and is to be reviewed by the Land 
Board on Friday, April 13, 1984, and scheduled for public hearings in all 
counties on r,Jay 22, 1984. 
Public participation and information meetings have been tentatively 
set for ~lay 1 and 2, 1984 at Kihei and Puna, respectively and again on 
~lay 30 and 31, 1984. 
Copies of the approved minutes for the ~.larch 16, 1984 meeting along 
with minutes of the March 30, 1984 meeting were distributed to the com-
mittee. The minutes of the last meeting and the committee's conclusions 
on ~laui were briefly reviewed and discussed. Although there were no 
major objections to the conclusions drawn, it was suggested that approval 
of the minutes be deferred to later, subject to any revisions that the 
committee may recommend. 
It was noted and approved that the subheading titled Honokawai 
should be more accurately labeled as Honolua rather than Honokawai. 
The meeting was turned over to Don Thomas who divided the evalua-
tion of Hawaii into nine general locations. Based upon the assessment of 
available information, the following probability ranges were concluded by 
the Technical Committee: 
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ASSESSMENT OF THE ISLAND OF HAWAII 
A. KAWAIHAE 
Groundwater Temperature. Groundwater temperature anomalies were 
noted m 4 wells: Well No. 6048-02 (26°C), Well No. 5745-01 (26°C), Well 
No. 5745-02 (26.5°C), and Kawaihae 3, Well No. 6147-01 (37°C), which is 
clearly above ambient temperature. 
Geologic Ag;e. The limited data available indicates that the most 
recent post erosiOnal activity ( Hawi Volcanic Series) occurred at Puu Loa 
and has been estimated at about 80,000 years ago. Kawaihae is located 
on the saddle between the Mauna Kea and Kohala volcanoes and is not 
situated within a recently active rift zone (Macdonald and Abbott, 1970; 
Malinowski, 1977). 
Geochemistry. Available soil mercury and radon emanometry data 
show no pos1t1ve geothermal indications. Some minor anomalies were noted 
but did not lead to any fir rei conclusions (Cox and Cuff, 1981). Well No. 
6147-01 indicated an anomalous chloride/magnesium ratio and several other 
wells had slight chemical variations. 
Resistivity. Schlumberger soundings did not identify any low 
resistlv1ty anomalies indicating geothermal resource. High basement 
resistivities recorded were interpreted to indicate a dense intrusive body 
(Kauahikaua and Mattice, 1981). 
Infrared Surveys. No thermal anomalies were noted having any 
positive geotherma:I mdications (Fischer, et a!, 1966). 
Seismic. Data indicates that earthquakes of magnitudes greater than 
4. 0 have occurred near Kawaihae at least once a year. Earthquakes have 
been scattered without any significant cluster recorded, therefore no 
positive indications. 
Magnetic. Aeromagnetic survey indicated an anomaly between Waimea 
and Kawaihae Bay and has been interpreted to correspond to an intrusive 
body rather than a Curie point temperature (Malahoff and Woolard, 1965; 
Godson, et al, 1981). 
Gravity. No positive indications; data pertains to the identification 
of deep structural features (Kinoshita, 1965). 
Exploratory Drilling. No deep exploratory well data. 
Self Potential. No available data. 
Conclusion: 
On the basis of groundwater temperature, chemical anomalies and the 
resistivity interpretation indicating the presence of an intrusive body 
associated with the Puu Loa cinder cone and taking into consideration the 
geologic age of this vent, the following probabilities have been concluded: 
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• 45% or less chance of finding low temperature (50-125°C) resource at 
depths less than 3 km. 
• Less than 10% chance of finding high temperature (greater than 
125°C) resource at depths less than 3 km. 
B. HUALALAI S Ul\ll\IIT AND UPPER FLANK (above 4000-foot elevation) 
Groundwater Temperature. No available data. 
Geologic Age. Hualalai is situated to the northwest of Mauna Loa 
and is considered to be in a mature post-caldera stage of activity. 
Twelve to 15 vents have been identified that have erupted within the last 
1, 000 years, with the youngest vent being less than 200 years old. 
Volcanic activity along the north trending rift near Puu Waawaa last 
occurred about 2,000 years ago (r.1acdonald and Abbott, 1970; Moore, 
1983). 
Geochemistry. 
has occurred due 
metasomatism. 
Available data indicates that hydrothermal activity 
to evidence of copper sulfide and potassium 
Resistivity. Schlumberger soundings indicate a low resistivity layer 
at a depth of about 480 meters which has been interpreted as a perched 
body of possibly warm water (Kauahikaua and Mattice, 1981). 
Infrared Survey. No available data. 
Seismic. There has been no concentration of any seismic activity at 
the summit, therefore no significant conclusions could be drawn. 
Magnetics. Aeromagnetic data indicates a magnetic -low near the 
summit that appears to be reversed. This low could be attributed to 
hydrothermal alteration of intrusive material or to a residual magma body 
above the Curie point (greater than 543°C), (Malahoff and Woollard, 1965; 
Godson, et al, 1981). 
Gravity. No significant data. 
Exploratory Drilling. No deep exploratory well data. 
Self Potential. Self potential surveys indicate an anomaly across the 
summit and along the upper northwest rift and could possibly be due to a 
high temperature intrusive or dike impounded water (Jackson and Sako, 
1982; Jackson, 1983). 
Conclusion: 
Based on positive geothermal indications from geophysical data 
(resistivity, magnetics, and self potential) and the geologically young age 
of vents along the upper rift and summit, the following probabilities were 
concluded: 
• 70% or less chance of finding low temperature (50-125°C) resource at 
depths less than 3 km. 
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• 35% or less chance of finding high temperature (greater than 125°C) 
resource at depths less than 3 km. 
C. HUALALAI LOWER FLANK (Below 4000-foot elevation) 
Groundwater Temperature. No groundwater anomalies recorded 
indicating above ambient temperatures. One of the two deep wells at Puu 
Waawaa, Well No. 4650-01, did indicate above ambient temperature at the 
bottom of the well (87 .6°F, bottom hole temperature). 
Geologic Age. Same as Hualalai summit and upper flank. Several 
vents have been identified that have erupted within the last 1,000 years, 
the most recent eruption occurring in 1801 (Macdonald and Abbott, 1970; 
Moore, 1983). 
Geochemistry. Soil mercury and radon emanometry surveys iden-
tified some anomalies but due to variations in soil type, no definite 
conclusions could be drawn (Cox and Cuff, 1981). 
Resistivity. Schlumberger and time domain electromagnetic soundings 
were conducted but had no positive indications within 2 km depth 
(Kauahikaua and Mattice, 1981). 
Infrared Survey. Some anomalous coastal water temperatures were 
reported but have not been confirmed (Fischer, et al, 1966) . 
Seismic. There has been a concentration of seismic activity along 
the rift zone near the coast and extends seaward. A recorded 1929 
seismic swarm (~lacdonald and Abbott, 1970) on the north flank indicated 
that an intrusive event had occurred, possibly suggesting that Hualalai 
still be considered active. 
i\1agnetics. Available data shows no positive indications of 
geothermal resource and pertains to identification of deep structural 
features (Malahoff and Woollard, 1965; Godson, eta!, 1981). 
Gravity. No significant data. 
Exploratory Drilling. Two deep wells near Puu Waawaa located north 
of the rift zone (Well No. 4850-01 and Well No. 4650-01). Only Well No. 
4650-01 indicated above ambient temperature (87. 6°F) at a bottom hole 
depth of 5,555 feet. 
Self Potential. Data from lower elevation self potential surveys did 
not show any positive indications due to interference from buried 
conductive objects (Jackson and Sako, 1982; Jackson, 1983). 
Conclusion: 
Based on the absence of any positive geochemical or geophysical data 
other than a recorded concentration of seismic activity, it was concluded 
that the Hualalai lower flank should have a probability lower than the 
summit region. The Committee agreed that the assignment of a probability 
percentage would be deferred to later. 
B-23 
D. Mauna Loa Southwest Rift - South Point 
Groundwater Temperature. No available data. 
Geologic Age. Mauna Loa is the second most active volcano on 
Hawaii and has erupted during historic time: first recorded in 1868 and 
most recently in 1950. The 1950 eruption on the southwest rift produced 
the largest volume of Java (600 million cubic yds.) within the last 1, 000 
years. All volcanic activity has been situated on the upper rift above 
the 3000-foot elevation (Macdonald and Abbott, 1970). 
Geochemistry. No available data. 
Resistivity. Schlumberger and time domain electromagnetic surveys 
did not detect any significant anomalies. Data suggests that soundings 
did not penetrate deep enough to the basal water table, but instead 
terminated in unsaturated basaits (Kauahikaua and Mattice, 1981). 
Infrared Survey. No conclusive data indicating geothermal resource, 
thermal anomaly could be attributed to solar heating of the surface rocks. 
Seismic. Data indicates a concentration of seismic activity on the 
upper southwest rift zone above the 10 ,000-foot elevation. 
r,lagnetics. Aeromagnetic surveys were flown parallel to the rift zone 
and therefore were not effective in showing any indications of geothermal 
resource (Llalahoff and Woollard, 1965; Godson, eta!, 1981). 
Gravity. No significant data other than identification of the rift 
zone (Kinoshita, 1965). 
Exploratory Drilling. No deep exploratory well data. 
Self Potential. A negatively polarized anomaly was interpreted as 
the result of a downward streaming potential, rather than a geothermal 
heat source that would have a positively polarized self potential anomaly 
(Kauahikaua and Mattice, 1981). 
Conclusion: 
On the basis of historic volcanic eruptions, seismic activity and 
consideration given to the absence of other geophysical or geochemical 
anomalies, the following probabilities were concluded: 
• 60% or less chance of finding low temperature (50-125°C) resource at 
depths less than 3 km. 
• 35% or Jess chance of finding high temperature (greater than 125°C) 
resource at depths less than 3 km. 
It should be noted that due to the limited amount of data, future 
studies are warranted in order to update our current assessment. 
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E. MAUNA LOA NORTHEAST RIFT - KEAAU 
Groundwater Temperature. Available data did not indicate any 
significant temperature anomalies in either the upper, middle, or lower 
rift. 
Geologic Age. The Northeast Rift Zone can be traced by vents or 
lava flows down to an elevation of about 600 to 900 feet above sea level. 
The upper northeast rift (above the 6, 000-foot elevation) is currently 
erupting at the 9, 000-foot level. Along the middle rift, ( 4,500 to 
6 ,000-foot elevation) near Kulani prison, a recent vent has been dated at 
about 800 years old. No eruptions have occurred on the lower rift (below 
the 4 ,500-foot elevation) during historic time (Macdonald and Abbott, 
1970). 
Geochemistry. Soil mercury and radon emanometry surveys and 
groundwater chemistry data do not indicate any geothermal anomalies. 
Resistivity. Resistivity data for the lower rift did not identify any 
geothermal anomalies. No data available for the upper or middle rift 
zones (Kauahikaua and Mattice, 1981). 
Infrared Survey. No available data. 
Seismic. A high concentration of seismic activity has been recorded 
in the upper and middle northeast rift. There is no significant 
concentration of similar activity noted in the lower rift zone. 
Ma netics. Aeromagnetic data indicates a clear anomaly on the upper 
rift o son, et al, 1981). 
Gravity. Data does not indicate any significant anomalies on the rift 
zone (Kinoshita, 1965). 
Exploratory Drilling. No deep exploratory well data. 
Self Potential. Definite anomaly recorded near site of current 
eruption but no significant anomalies identified on the lower northeast rift 
(Jackson, 1983). 
Conclusion: 
On the basis of geochemical and geophysical data for the lower rift 
near the vicinity of Mountain View and Keaau, it is unlikely that a 
geothermal resource would be found. 
While upper-elevation seismic and self potential data and the current 
Mauna Loa eruption indicate a geothermal resource, it should be noted 
that current drilling technology limits development to elevations of less 
than 7,000 feet above sea level. Therefore, based on available data the 
following probabilities were concluded: 
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Mauna Loa upper northeast rift -
• Less than 90% chance of finding a low (50-125°C) or high 
(greater than 125°C) temperature resource at depths less than 
3 km. 
~launa Loa middle northeast rift -
• 60% or less chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
• 35% or less chance of finding a high temperature (greater than 
l25°C) resource at depths less than 3 km. 
~!auna Loa lower northeast rift -
• Less than 5% chance of finding a low temperature (50-125°C) 
or high temperature (greater than 125°C) resource at depths 
less than 3 km. 
F. KILAUEA SOUTHWEST RIFT 
Groundwater Temperature. 
reported at a coastal spring at 
1983). 
A temperature of about 32°C has been 
IVai Welawela (Casadevall and Hazlett, 
Geologic Age. Kilauea is the youngest and most active volcano in 
Hawaii. The Southwest Rift Zone is considered active and has been the 
site of historic eruptions in 1823 at the 250 to 1700-foot elevation and in 
1920 at the 3,000-foot elevation. The presence of steaming ground also 
indicates substantial geothermal potential on the Southwest Rift Zone 
(Macdonald and Abbott, 1970; Banks, 1983). 
Geochemistry. No significant data. 
Resistivity. Schlumberger, di-pole/ di-pole and time domain surveys 
indicate resistivity anomalies on both the upper and lower rift (Hussong 
and Cox, 1967; Adams, et al, 1970; Keller, et a!, 1977; Klein and 
Kauahikaua, 1975; Kauahikaua and Mattice, 1981). 
Infrared Survey. No anomalies were detected, but steaming ground 
evident since 1911 near Mauna Iki above the 2, 500-foot elevation (Fischer, 
et al, 1966). 
Seismic. Seismic activity recorded along the southwest rift follows 
the grav1ty high indicating a southward trending rift. 
Magnetics. Aeromagnetic data shows no significant anomaly and only 
a weak expression of the rift zone (Godson, et al, 1981; l\1alahoff and 
Woollard, 1965). 
Gravity. Gravity highs identify the rift zone and its extension 
seaward (Kmoshita, 1965). 
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Exploratory Drilling. No deep exploratory well data. 
Self Potential. Strong anomalies noted along the upper rift down to 
about the 2, 000-foot elevation near Yellow Cone (Jackson, 1983). 
Conclusion: 
On the basis of positive geophysical data, recent volcanic activity, 
and consideration given to the absence of any significant groundwater 
temperature or chemical anomalies, the following probabilities were 
concluded: 
• Greater than 90% chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
• Greater than 90% chance of finding a high temperature (125°C) 
resource at depths less than 3 km. 
It should be noted that although the majority of the southwest rift 
zone is situated within the Hawaii Volcanoes National Park and is 
therefore off-limits to geothermal development, the potential for 
geothermal resource along the entire Kilauea Southwest Rift Zone was 
assessed by the Committee. 
G. KOHALA VOLCANO 
Groundwater Temperature. No positive indications from groundwater 
data. 
Geologic Age. 
ago and was most 
Abbott, 1970). 
Geochemistry. 
The most recent activity occurred about 60,000 years 
active at least 300,000 years ago (Macdonald and 
No significant data. 
Resistivity. Data from Direct Current (DC) soundings did not show 
any pos1tive indications of geothermal resource ( Kauahikaua, et al, 1979). 
Infrared Survey. No available data. 
Seismic. No concentration of seismic activity. 
Magnetics. Aeromagnetic data did not identify any strong anomalies 
(Godson, et al, 1981). 
Gravity. No significant data. 
Exploratory Drilling. No deep exploratory well data. 
Self Potential. No available data. 
Conclusion: 
Due to the limited data and the absence of any signficant anomalies 
and based on the younger age of Kohala relative to Olowalu-Ukumehame 
on Maui, the following probabilities were concluded: 
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• Less than 10% chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
• Less than 5% chance of finding a high temperature (greater than 
125°C) resource at depths less than 3 km. 
It should be noted that due to the limited amount of data, additional 
studies are warranted in the future in order to update our current 
assessment. 
H. MAUNA KEA 
Groundwater Temperature. One groundwater temperature anomaly 
recorded m a deep well on the Northwest Rift Zone at Waikii, Well No. 
5239-01 (104°F at 4240-foot depth) No temperature anomalies recorded 
for shallow wells along the coast. 
Geologic Age. Mauna Kea volcano is substantially younger than 
Kohala, having been formed over 200,000 years ago. Mauna Kea is 
presently in its post-caldera stage of activity with the most recent 
eruption occurring about 3600 years ago (Macdonald and Abbott, 1970; 
Porter, 1979). 
Geochemistry. No significant data. 
Resistivity. No available data. 
Infrared Survey. No available data. 
Seismic. Definite seismic swarm and deep seismic activity recorded 
along the East Rift Zone. 
r.Iagnetics. Available data shows no positive indication of geothermal 
resource and pertains to identification of structural features within the 
summit (~lalahoff and Wollard, 1965; Godson, et al, 1981). 
Gravity. No significant data. 
Exploratory Drilling. Waikii Well No. 5239-01, drilled at elevation 
4260 ft. to a depth of 4,350 feet. A bottom-hole (near sea level) 
temperature of 104°F recorded. 
Self Potential. No available data. 
Conclusion: 
On the basis of geologic age and one groundwater temperature 
anomaly recorded at the Waikii well, the following probabilities were 
concluded: 
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Mauna Kea Northwest Rift Zone -
• Less than 50% chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
• Less than 20% chance of finding a high temperature (greater 
than 125°C) resource at depths less than 3 km. 
Mauna Kea East Rift Zone -
• Less than 30% chance of finding a low temperature (50-125°C) 
resource at depths less than 3 km. 
• Less than 10% chance of finding a high temperature (greater 
than 125° C) resource at depths less than 3 km. 
It was noted again that due to the limited amount of available data, 
additional studies are warranted in the future in order to update our 
current assessment. 
Afternoon Session 
The meeting was reconvened by Manabu Tagomori and dates, 
locations, and topics of future meetings were discussed and tentatively 
scheduled as follows: 
Date 
April 18 (Wed.) 
April 19 (Thurs.) 
1.Jay 11 (Fri. ) 
Place 
Hawaii 
Hawaii 
Topic of Discussion 
Air inspection of Kilauea Rift Zone. 
Tour of Puna Geothermal Venture and 
Barnwell Drilling Sites, and inspection of 
the HGP-A Facility. 
Assessment of Geothermal Resources on 
Kilauea East Rift Zone. . Mapping by the 
Committee of all paten tial geothermal 
resource areas. 
Honolulu Assessment Review Session. 
It was suggested that an additional meeting be scheduled sometime in 
['.lay to discuss the impacts of geologic hazards. The committee was also 
invited to participate in the impact analysis of geothermal development on 
the environment. 
The meeting was adjourned at 3:30 pm. 
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STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
DIVISION OF WATER AND LAND DEVELOPMENT 
P. 0. BOX 373 
HONOLULU. HAWAII 96809 
AGEl-:DA 
Geothermal Resource Subzone Technical Committee 
Field Trip to Kilauea East Rift Zone 
April 18, 1984 
Leave Honolulu 
Air inspection No. 1 - I~ilauea Rift Zone 
Air inspection No. 2 - Kilauea Rift Zone 
Ground inspection of Upper h:iluuea Rift Zone 
Lunch 
Tour of Puna Joint Venture geothermal wells 
Tour of Barnwell geothermal wells 
Tour of HGP-A well 
Adjourn 
B-30 
SUSUMU ONO. CHArR~t••· 
EDGAR A. HAMASU 
DIVISIONS: 
AOUACUL TURE OEV£LOPMHH 
PROGIU.M 
AQUATIC RESOURCES 
CONSERVATION AND 
RESOURCES ENFORCEMENT 
CONVEYANCES 
FORESTRY AND WILDLIFE 
LAND MANAGEr.tENT 
STATE PARI<S 
WATER ANO LAND OEVELOPYENT 
MINUTES 
Geothermal Resources Technical Committee 
Meeting No. 4 
Date: April 18, 1984 
Time: 8:00 am- 12:00 Noon; 1:30 pro - 4:30 pro 
Place: USGS Hawaiian Volcano Observatory (morning) 
Barnwell and Thermal Power Geothermal Well Sites (afternoon) 
Participants: Manabu Tagomori, Chairman, DOWALD 
Donald Thomas, H!G 
Dallas Jackson, HVO 
Richard ~loore, HVO 
Joe Kubacki, DOIVALD 
Dean Nakano, DOWALD 
~lorning 
Manabu Tagomori called the meeting to order and addressed the 
issue regarding the recent eruptive activity. The committee reviewed 
the middle east rift eruption of Kilauea which began on January 3, 1983 
and has continued intermittently throughout 1984. To date, Kilauea 
erupted at Pu'u 0 for phase 17 which began at 5: 15 am on March 30, 
1984 and ended at 3:24 am on March 31, 1984. Seismic data indicated 
that the magma conduit along the east rift zone has not significantly 
changed. 
The committee discussed the area covered by the recent lava 
flows and the extent of the phase 17 flow front which reached the 
400-foot elevation about 1 km east of Royal Gardens subdivision. The 
technical group noted the probability of a resumption of eruptive activity 
and discussed the possible directions that the new lava flows might take 
with respect to Royal Gardens subdivision. It should be noted that the 
direction and rate of flow is dependent on many factors such as type of 
vegetation and the existence of earlier flows. 
The technical committee was also briefed on the recent Mauna Loa 
eruption which began on March 25, 1984. The major portion of lava 
erupted from a 150-meter long fissure on Mauna Loa's northeast rift zone 
near the 9,500-foot elevation, about 2 km northeast of Pu'u Ulaula. 
A field trip to the visitor center near Wahaula Heiau provided the 
committee a view of Royal Gardens subdivision and the extent of the lava 
flows that damaged 15 dwellings and covered about 330 lots and their 
access roads. 
The scheduled air inspection of the Kilauea eruption site was 
cancelled due to inclement weather. 
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Afternoon 
The meeting was reconvened by Manabu Tagomori at the site of 
geothermal well, Lanipuna No. 6, followed by a tour of the drilling 
operation by Bill Craddick from Barnwell Geothermal Corp. 
The committee moved to the site of Kapoho State Wells No. 1 
and 2 and a briefing was conducted by Joe Iovenitti from Thermal Power 
Co. Questions were answered regarding the Kapoho State No. 1 blowout 
and Mr. Iovenitti pointed out that various security devices have been 
installed at the well site. The site of the future Kapoho State No. 1A, 
although not finalized, is to be located within the original drill site of 
Kapoho State No. 1. 
~1r. Tagomori thanked the committee again for their continued 
assistance and the meeting was adjourned at 4:30 pm. 
~£kd_j 
DEAN NAKANO 
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GEORGE A. AAIYOSHI 
GOVERNOR OF HAWAII 
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STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
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P. 0. BOX 373 
HONOLULU. HAWAII 96609 
AGENDA 
Geothermal Resource Subzone Technical Committee 
Meeting No. 5 
April 19, 1984 
University of Hawaii, Hilo 
liilo, Hawaii 
Call to order: l'vlanabu Tagomori 
Presentation by ~lid-Pacific Geothermal, Inc. 
Presentation by Barnwell, Inc. 
Presentation by Puna Joint Venture 
Approval of ~linutes 
Announcements 
Technical Session Leader: Donald Thomas 
Review conclusions on Hawaii, generally 
Lunch 
Air Inspection No. 1 - Kilauea Rift Zone 
Air Inspection No. 2 - Kilauea Rift Zone 
Adjourn 
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SUSUMU ONO, CHAIRMAN 
90AFIO OF lAND & NATURAl FIESOUFICES 
EDGAR A. HAMASU 
DEPUTY TO H'IE CHIIIRioUN 
DIVISIONS: 
1\0UACULTURE DEVELOPMENT 
~OGRAM 
AQUATIC RESOURCES 
CONSERVATION AND 
RESOURCES ENFOFICEME.,.T 
CONVEYANCES 
FORESTRY AND WILDliFE 
LAND MANAGEMENT 
STATE PARKS 
WATER AND LAND DEVELOPMENT 
MINUTES 
(Amended) 
Geothermal Resources Technical Committee 
Meeting No. 5 
Date: April 19, 1984 
Time: 8:00am- 12:00 Noon, 1:00pm- 5:00 pm 
Place: University of Hawaii, Hilo Campus (morning) 
Pu'u 0 Vent, Kilauea East Rift Zone (afternoon) 
Participants: Manabu Tagomori, Chairman, DOWALD 
Donald Thomas, HIG 
John Sinton, HIG 
Bill Chen, UH-Hilo 
Dallas Jackson, HVO 
Richard Moore, HVO 
Joe Kubacki, DOWALD 
Dean Nakano, DOWALD 
A list of developers and their representatives present at the meeting is 
attached. 
~lorning 
~leeting was called to order by r.lanabu Tagomori, who briefed the 
committee on the morning agenda regarding presentation of technical data 
by the three geothermal developers (True/Mid Pacific, Barnwell, and 
Puna Geothermal Venture). 
True/~Jid Pacific 
The meeting was turned over to Rod r.Ioss (r.1id-Pacific 
Geothermal) and Allan Kawada (True Geothermal) who introduced Gerald 
Niimi from Thermasource, Inc. and Sam Keala, Jr., representing 
Campbell Estate. 
Rod rl!oss emphasized the goal of True/Mid Pacific to drill north of 
the rift zone rather than to the south. Mr. Niimi stated that Therma-
source, Inc. conducted a regional and site specific study of Kahaualea, 
and data indicated a potential geothermal resource with adequate 
groundwater recharge. Data was submitted to the committee by Mr. 
Niimi to support his conclusion that the north side of the rift would have 
the greatest potential (Holcomb, 1980; Koyanagi, 1978, Godson, et al, 
1981; Kinoshita, 1965). Mr. Niimi recommended that his client initially 
drill close to the rift to observe the reservoir then develop northward 
away from possible future lava flows. It was noted that the nearest 
Kilauea lava flow is about 500 feet away from the proposed KA-1 drill 
site. 
True/Mid Pacific has been granted conditional approval of up to 8 
exploratory wells within a restricted area containing approximately 800 
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acres, with long range plans to develop a total of about 7,800 acres 
within Kahaualea. 
Puna Geothermal Venture/Thermal Power 
Mr. Iovenitti presented technical data by Howard Ross in addition 
to a mylar overlay outlining aeromagnetic data (Godson, et al, 1981), 
mercury and radon data (Cox, 1980), and water well locations with 
chemical and temperature information. 
It was stated by Mr. Iovenitti that a recent aeromagnetic survey 
(not yet made public) noted areas of low magnetism related to high 
temperature or hydrothermal alteration and indicated the possibility of a 
parallel dike complex running along the coast. Based on the data 
presented, Mr. Iovenitti concluded that the middle rift from Kapoho State 
No. 1 and 2 north to Lava Tree State Park showed considerable 
potential. 
It was recommended that future exploration be moved away from 
the dike complex which may restrict permeability although the area may 
be hot. Mr. Iovenitti further stated that seawater intrusion is not a 
reservoir problem with regard to precipitation of calcium and anhydrite 
possibly sealing off the reservoir. 
~lr. Iovenitti discussed the difference in geothermal systems 
between HGP-A (50% water, 50% steam) and Kapoho State Wells (100% 
steam). It was suggested that the difference could be attributed to the 
depth of casing; Kapoho State No. 1 and 2 being cased to approximately 
4500 feet depth, versus HGP-A which is cased to about 2900 feet depth. 
The committee was informed that both wells, Kapoho State No. 1 
and 2 had debris (drill rods and wireline) within the casing. 
Barnwell 
Bill Craddick representing Barnwell Geothermal Corp. and :VIurray 
Gardner from Geothermex, Inc., consultant to Barnwell/WRII, presented 
background information and data to the committee. Mr. Gardner stated 
the possibility of directional drilling at Ashida No. 1 in the 
north-northwest direction to locate a zone of permeability. Ashida No. 1 
drilled to 8000-foot depth is hot (approximately 543°F) but lacks a 
permeable reservoir. Lanipuna No. 1 reported to have a well tempera-
ture of approximately 685°F also has the problem of low permeability. 
It was noted that a minimum temperature of 450°F for deep wells 
and 350°-400°F for shallow wells are needed to be economically feasible 
for electrical production. 
Th1r. Gardner stated that the Halekamahina area, owned by Tokyu 
Land Development Co. would possibly be the site of future exploration. 
He also mentioned that a report on rock thin sections had been submitted 
to DLNR through Barnwell Geothermal Corp. 
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Mr. Tagomori thanked all of the developers and their representa-
tives for their continued support and invited them to submit any addi-
tional information pertaining to the environmental impact of geothermal 
development. 
Afternoon 
The meeting was reconvened by l\1anabu Tagomori at the Hawaiian 
Volcano Observatory. Arrangements were made by HVO staff geologist 
Reggie Okamura for use of a helicopter to airlift the technical committee 
to the site of the recent "1123" vent. From this location and while in 
flight the committee was able to inspect the Kahaualea area covered by 
lava flows from the previous 17 phases of the Kilauea eruption. 
Phase 18 of volcanic activity had begun at Pu'u 0 vent on the 
evening of April 18, 1984. The air inspection provided the committee an 
excellent overview of the current eruption and the extent of the 3 lava 
flows that were traveling toward the north, northeast, and south. While 
situated at the "1123" vent, the committee discussed the probability of 
future lava flows endangering the Royal Gardens subdivision. 
Upon our return to the takeoff and landing area at the Kilauea 
~lilitary Camp in the National Park, the meeting was adjourned at 5:00 
pm. 
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Developers and Consultants at the 
Geothermal Resources Technical Committee 
Meeting No. 5 
NAME 
Samuel L. Keala, Jr. 
Allan G. Kawada 
Gerald Niimi 
Rod r.1oss 
Joe Iovenitti 
Bill Craddick 
Murray C. Gardner 
April 19, 1984 
ORGANIZATION 
Campbell Estate 
True Geothermal Energy Co. 
Thermasource, Inc. 
~lid-Pacific Geothermal, Inc. 
Therr.1al Power Co. 
Barnwell Geothermal Corp. /WRII 
Geothermex, Inc. 
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STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
DIVISION OF WATER ANO LAND DEVELOPMENT 
P. 0. BOX 373 
HONOLULU. HAWAII 96809 
AGENDA 
Geothermal Resource Subzone Technical Committee 
Meeting No. 6 
April 23, 1984 
Hawaii Institute of Geophysics (Conference Room) 
University of Hawaii 
Honolulu, Hawaii 
Call to order: Manabu Tagomori 
• Approval of Minutes 
• Assessment of geothermal resources of Kilauea 
East Rift Zone 
Lunch 
Mapping of geothermal resource areas 
Adjournment 
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SUSUMU ONO, CHAIRMAN 
BOAAD OF LAND & NATURAL RESOURCES 
EDGAR A. HAMASU 
OEF'UfY TO THE CHAIRMAN 
DIVISIONS: 
AQUACUL TUAE DEVELOPMENT 
PI'IOGAAM 
AQUATIC RESOURCES 
CONSERVATION AND 
RESOURCES ENFORCEMENT 
CONVEYANCES 
FORESTRY ANO WILDLIFE 
LAND MANAGEMENT 
STATE PARKS 
WATER AND LAND DEVELOPMENT 
Date: 
Time: 
Place: 
MINUTES 
(Amended) 
Geothermal Resources Technical Committee 
Meeting No. 6 
April 23, 1984 
9:00am- 12:00 Noon; 1:15pm-4:00pm 
HIG Conference Room, University of Hawaii 
Participants: Manabu Tagomori, Chairman, DOWALD 
Donald Thomas, HIG 
Dan Lum, DOWALD 
John Sinton, HIG 
Dallas Jackson, HVO 
Richard Moore, HVO 
James Kauahikaua, USGS 
Bill Chen, UH-Hilo 
Joe Kubacki, DOWALD 
Dean Nakano, DOWALD 
~Iorning 
r.Ianabu Tagomori called the meeting to order and thanked the com-
mittee members for their continued assistance. 
Copies of the amended minutes for the ~larch 30, 1984 meeting along 
with minutes of the April 9, 1984 meeting were distributed to the 
committee for their review and comments. 
The meeting was turned over to Don Thomas who continued with the 
assessment of geothermal resources for the Kilauea East Rift Zone. Based 
upon the evaluation of available information, the following probability 
for geothermal resource was concluded by the Technical Committee. 
ASSESSMENT OF THE ISLAND OF HAWAII 
KILAUEA EAST RIFT 
Groundwater Temperature. Numerous temperature anomalies recorded 
in wells along the lower East Rift Zone. Well No. 2686-02 (102°C), Well 
No. 2982-01 (93°C), Well No. 2685-01 (285°C) (Epp and Halunen, 1979; 
Macdonald, 197 5) . 
Geologic Age. Frequent activity recorded along the rift zone with 
many recent eruptions and repeated dike intrusions. Data indicates 
possible secondary magma chambers capable of substantial magma storage 
(~1oore, 1982, 1983; Wright and Fiske, 1971; Holcomb, 1980, 1981; 
Swanson eta!, 1976). 
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Geochemistry. Water samples identified numerous geochemical 
anomBJies along the rift zone. Data indicated thermal alteration of the 
chloride to magnesium ion concentration ratios (McMurty et a!, 1977; 
Kroopnick et al, 1978; Cox and Thomas, 1979; Druecker and Fan, 1976). 
Resistivity. Thermally related low resistivity anomalies recorded in 
many parts of the rift zone (Keller et al, 1977; Kauahikaua and Mattice, 
1981). 
Infrared Surveys. Some infrared anomalies identified on the rift 
zone and along the coast (Fischer et a!, 1966; Abbott, 1974). 
Seismic. Data indicates that the entire rift is extremely active. 
Numerous seismic events concentrated on the rift have strong indications 
of r.1agma intrusion (Koyanagi et al, 1981, Furumoto, 1978; Suyenaga et 
a!, 1978; l\lattice and Furumoto, 1978; HVO monthly reports; 
T hermasource, Inc. report) . 
~Iagnetic. ~lajor aeromagnetic anor.1alies were observed, associated 
with the Kilauea East Rift Zone (Godson et al, 1981; l\lalahoff and 
Woollard, 1965; Furumoto, 1978). 
Gravity. Strong expression of the rift zone, not particularly related 
to geothermal potential (Kinoshita, 1965). 
Exploratory Drilling. 
temperatures (greater than 
for development. 
Seven deep wells drilled, all having high 
l25°C), but not all have adequate permeability 
Self Potential. Numerous self-potential anomalies observed, possibly 
associated with fumaroles or intrusives having high temperature or the 
movement of thermal groundwater (Zablocki, 1976, 1977; Jackson, 1983). 
Conclusion: 
On the basis of positive geochemical and geophysical data and the 
recent eruptive and intrusive activity along the Kilauea East Rift Zone, 
the following probability was concluded: 
• Greater than 90% chance of finding a low temperature (50-125°C) and 
high temperature (greater than l25°C) resource at depths less than 
3 km. 
Afternoon 
The meeting was reconvened by Don Thomas and the technical group 
began its mapping of High Temperature Potential Geothermal Areas based 
on the conclusions of the committee. After some discussion by the 
members, it was agreed that only those areas having an assessed 
probability of at least 25% chance of finding high temperature (greater 
than 125°C) resource at depths less than 3 km would be mapped. 
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It should be noted that there was some disagreement between technical 
members as to the importance placed on certain data and to the area 
encircled within the probability lines. After some debate a compromise 
was reached where equal weight would be given to all positive data and 
the probability areas mapped would be below the 7000-foot elevation due 
to the limits of current drilling technology. 
Attached are a series of maps showing the following High 
Temperature Potential Geothermal Resource Areas and their percent 
probabilities: 
~laui 
Haleakala SW Rift Zone 
Haleakala East Rift Zone 
Hawaii 
Kilauea East Rift Zone 
Kilauea SW Rift Zone 
~Iauna Loa NE Rift Zone 
~.launa Loa SW Rift Zone 
Hualalai 
% Probability for High Temperature 
25% or less 
25% or less 
Greater than 
Greater than 
35% or less 
35% or less 
35% or less 
90% 
90% 
The date for the Assessment Review Session was set for ~lay 11, 1984, to 
be held at the HIG conference room in Honolulu. It was suggested that 
an additional meeting be scheduled later in ~lay to discuss the impact of 
geologic and environmental hazards. The committee members were also 
invited to participate in the public information meetings set for May 8 and 
29 on Hawaii and r.lay 9 and 30 on Maui. 
The meeting was adjourned at 4:00 pm. 
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9:00 am 
AGENDA 
Geothermal Resources Technical Committee 
Meeting No. 7 
May 11, 1984 
Hawaii Institute of Geophysics (Conference Room) 
University of Hawaii 
Honolulu, Hawaii 
Call to Order (Manabu Tagomori) 
• Approval of Minutes 
• Review of Potential Geothermal Resource Areas 
* High Temperature Areas (maps) 
* Low Temperature Areas (listing) 
• Review of Public Information Meetings 
12:00 Noon - Lunch 
1:00 pm Continue Morning Session 
• Discussion on Geologic Hazards 
• Discussion of Other Impacts 
3:00 pm Adjournment 
B-51 
Date: 
Time: 
Place: 
MINUTES 
Geothermal Resources Technical Committee 
Meeting No. 7 
'lay 11, 1984 
9:00 am - 10:00 Noon; 1:00 pm - 4:00 pm 
Division of Water & Land Development Conference Room 
Participants: Manabu Tagomori, Chairman, DOWALD 
Donald Thomas, HIG 
Richard Moore, USGS 
James Kauahikaua, USGS 
John Sinton, HIG 
Joe Kubacki, DOWALD 
Dean Nakano, DOWALD 
Agenda is attached. 
Morning 
Manabu Tagomori called the meeting to order at 9:10 am. The 
Committee was asked to comment on the minutes of the previous meetings 
and review the lines drawn for the potential geothermal resource area 
maps. 
r.lr. Tagomori discussed the recent public participation and informa-
tion meetings held at Hilo, Hawaii on ~lay 8, 1984 and at Kahului, ~laui on 
r,Jay 9, 1984. Dr. Thomas stated that public comments were received 
regarding direct heat use (e.g. food processing), and for the identifica-
tion of areas capable of this type of heat application. 
The next public informational meetings are scheduled for May 29 and 
30, 1984 on Hawaii and Maui, respectively. Mr. Tagomori stated that 
additional informal meetings are tentatively planned for both islands 
sometime in mid-June. These meetings are to be scheduled in conjunction 
with the local community association meetings held in each respective 
area. It was further noted that public hearings on the Administrative 
Rules on the Designation and Regulation of Geothermal Resource Subzones 
are to be held on all islands on May 22, 1984. 
Copies of the "Reconnaissance Geological Investigations of Geothermal 
Energy Potential of Kohala, Lanai, and West Molokai Volcanoes, Hawaii" 
report by L. T. Grose, submitted to the Department of Land and Natural 
Resources by ~Jr. Ed Craddick were distributed to members of the 
Committee. It was recommended that Committee members review this 
additional data prior to continuation of the Technical Committee meeting at 
1:00 pm today. 
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Afternoon 
The meeting was reconvened by Manabu Tagomori and the technical 
group began its review of the report by L. T. Grose, dated January 24, 
1978. The Committee concluded that the report did not contain any 
significant new data regarding Kohala, Lanai and Molokai and that the 
Committee's earlier conclusions would not have to be changed. 
Upon evaluation of the complete list of percentages, the Committee 
selected seven High Temperature and five Low Temperature Potential 
Geothermal Resource Areas. The selection of a low temperature resource 
area was based on the area having an assessed probability of at least 15% 
chance of finding low temperature (less than 125°C) resource at depths 
less than 3 km. These low temperature resource areas were not mapped 
but are included in a list of the Committee's selections for potential 
geothermal resource areas that is attached. 
The technical members began their review of the High Temperature 
Potential Geothermal Resource area maps based on the Committee's earlier 
conclusions. After some discussion by the Committee, it was noted that 
only those areas having an assessed probability of at least 25% chance of 
finding high temperature (greater than 125°C) resource at depths less 
than 3 km should be mapped. These revisions to the earlier maps would 
be made on the basis that any probability lower than that value would be 
so small that there would be little justification to accurately draw a 
probability boundary line. These revised maps are to be attached to the 
amended minutes for meeting No. 6. 
Dr. Thomas was asked to define the use of hashed lines versus solid 
lines in the mapping of certain potential geothermal resource areas. It 
was stated that due to the limited data available, there was less justifica-
tion to clearly draw a solid boundary line locating the resource area. 
The Technical Committee reviewed a complete tabulation of the 
percent probabilities for the State of Hawaii. This county-by-county 
assessment based on the potential for high and low temperature resource 
is attached. 
i\lr. Tagomori asked the Technical Committee to discuss the impacts 
of geologic hazards, specifically earthquakes and lava flows, on the 
selected potential geothermal resource areas. 
It was noted that earthquakes having a magnitude 6. 0 or greater 
should be taken into consideration. Since 1951, four significant earth-
quakes have occurred, ranging in magnitude from 6. 2 to 7. 2 on the 
Richter scale. The Committee agreed that while earthquakes are a 
definite hazard, it would be extremely difficult to accurately predict their 
occurrence or potential damage. 
Historic lava flows were discussed with regard to their duration and 
areal extent. It was noted that while elevated ground should be 
considered for power plant locations, evidence indicates that selection of 
high ground is not entirely safe from inundation by lava flows. The 
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pattern of eruptions along the Kilauea East Rift Zone suggests a migration 
of eruptive vents, but the actual location of future vents cannot be 
accurately predicted. 
Dr. Thomas suggested that while inundation by lava flows is a 
definite concern, more consideration should be given to the potential loss 
of electrical power from damage to the power plant. It was noted that 
the assessment of geologic hazards could be based on a power loss 
criteria, where a predetermined concentration of power production (e.g. 
50 MW within a 1000-acre parcel), should not exceed the replaceable 
amount of electricity that the utility company could restore through 
alternate means during a power plant shut-down. 
The Committee agreed that since all surface lava flows have occurred 
within the last 1000 years and strictly on the basis of geologic time, the 
Kilauea rift zone should be considered active. Although past history of 
events could give some idea of what could occur, it would be difficult to 
accurately predict the future occurrence of geologic hazards with any 
degree of scientific certainty. 
Mr. Tagomori thanked the Committee for their continued assistance in 
this assessment phase, and suggested that a future meeting be held 
sometime in June after the ~lay 29 and 30 public participation and infor-
mation meetings. A tentative date was set for June 8, 1984 in Honolulu. 
The meeting was adjourned at 4: 00 pm. 
~A.~ 
DEAN NAKANO 
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POTENTIAL GEOTHERMAL RESOURCE AREAS 
HIGH TEMPERATURE RESOURCE AREAS (greater than 125°C at depths 
less than 3 km) 
Maui: 
Haleakala S. W. Rift Zone 
Haleakala East Rift Zone 
Hawaii: 
Hualalai 
~.I a una Loa S. W. Rift Zone 
~Ia una Loa N. E. Rift Zone 
Kilauea East Rift Zone 
Kilauea S. W. Rift Zone 
Percent Probability 
25% or less 
25% or less 
35% or less 
35% or less 
35% or less 
Greater than 90% 
Greater than 90% 
LOW TE~IPERATURE RESOURCE AREAS (less than 125°C at depths 
less than 3 km) 
Statewide 
Waianae, Oahu 
Olowalu-Ukumehame, Maui 
Kawaihae, Hawaii 
Mauna Kea N. W. Rift Zone, Hawaii 
Mauna Kea East Rift Zone, Hawaii 
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Percent Probability 
15% or less 
75% or less 
45% or less 
Less than 50% 
Less than 30% 
Island/ Area 
KAUAI 
OAHU 
Waianae 
Koolau 
MOLOKAI 
LANAI 
~!AU! 
Olowalu-Ukumehame 
Lahaina-Kaanapali 
Honolua 
Haleakala S. W. Rift 
Haleakala N. W. Rift 
Haleakala East Rift 
HAWAII 
Kawaihae 
Hualalai 
~Ia una Loa s. w. Rift 
~Ia una Loa N.E. Rift 
Kohala 
Mauna Kea N.W. Rift 
~Ia una Kea East Rift 
Kilauea s. w. Rift 
Kilauea East Rift 
PERCENT PROBABILITIES 
(County-by-County) 
1-llgh Temperature 
(greater than 125°C at 
depths less than 3 km) 
Less than 5% 
Less than 5% 
Less than 5% 
Less than 5% 
Less than 5% 
Less than 15% 
Less than 5% 
Less than 5% 
25% or less 
Less than 5% 
25% or less 
Less than 10% 
35% or less 
35% or less 
35% or less 
Less than 5% 
Less than 20% 
Less than 10% 
Greater than 90% 
Greater than 90% 
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Low Temperature 
(less than 125°C at 
depths less than 3 km) 
Less than 5% 
15% or less 
Less than 10% 
Less than 5% 
Less than 5% 
75% or less 
Less than 5% 
Less than 5% 
35% or less 
Less than 10% 
35% or less 
45% or less 
70% or less 
60% or less 
60% or less 
Less than 10% 
Less than 50% 
Less than 30% 
Greater than 90% 
Greater than 90% 
GEORGE R. ARIYOSHI 
GOVERNOR OF I<AWilll 
9:00 am 
10:00 pm 
STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
DIVISION OF WATER AND LAND DEVELOPMENT 
P. 0. BOX 373 
HONOLULU, HAWAII 96809 
AGENDA 
Geothermal Resources Technical Committee 
Meeting No. 8 
June 8, 1984 
Hawaii Institute of Geophysics (Conference Room) 
University of Hawaii 
Honolulu, Hawaii 
Call to Order 
Approval of Minutes 
Review of Draft Committee Report 
Adjournment 
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SUSUMU ONQ, CH.t.IRMAN 
9QilRO OF lAND & NATURill. RESOURCES 
EOGAR A. HAMASU 
DIVISIONS: 
ilQUACULTURE DEVELOPMENT 
PROGRAM 
AQUATIC RESOURCES 
CONSERVATION AND 
RESOURCES ENFORCEMI.':NT 
CONVEYANCES 
FORESTRY A.NO WILDLI~E 
lAND MANAGEMENT 
STATE PARKS 
WATER AND lAND DEVElOPMENT 
Date: 
Time: 
Place: 
MINUTES 
Geothermal Resources Technical Committee 
Meeting No. 8 
June 8, 1984 
9: 00 am - 12:00 Noon 
· HIG Conference Room, University of Hawaii 
Participants: Manabu Tagomori, Chairman, DOWALD 
Donald Thomas, HIG 
Daniel Lum, DOWALD 
John Sinton, HIG 
Richard Moore, HVO 
Bill Chen, UH -Hilo 
Joe Kubacki, DOWALD 
Dean Nakano, DOWALD 
Manabu Tagomori called the meeting to order and briefly reviewed the 
Departmental activities underway for the Committee's general information. 
* S. B. 2184-84 was signed into law on May 23, 1984 and is now Act 151. 
The new law contains a "grandfather clause" which automatically 
subzones an existing BLNR geothermal mining lease area having a 
county special use permit. 
* Public hearings on the Administrative Rules held in each county on 
May 22, 1984 and public information and participation meetings held on 
Hawaii and Maui on May 29 and 30 respectively. Additional meetings 
have been scheduled for July 10 and II with the Pahoa and Volcano 
Community Associations. 
* Briefing of the Board of Land and Natural Resources will be held on 
June 21 and preliminary subzone designations and site specific public 
hearings are tentatively scheduled for sometime in August. 
The first draft of the Statewide Geothermal Resource Assessment 
report mailed prior to the meeting was briefly discussed. Dean Nakano 
highlighted the draft report for discussion purposes. Don Thomas noted 
that for consistency, we should standardize the probability percentages by 
using "% or less" rather than just a sole "%" figure. The committee agreed 
to revise the table on percent probabilities as a result of these changes. 
It was also recommended that wherever possible geothermal resource 
area maps should depict two boundary lines of percent probablity. This 
additional information would be valuable during the impact analysis and 
preliminary subzone designation by the Board of Land and Natural 
Resources. 
A final draft will be mailed to each member and at that time signatures 
will be sought from the committee members. 
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Mr. Tagomori thanked the committee for their valuable time and asked 
for continuec:l assistance during the entire assessment study. He advised 
the members that any future meetings would be on an on-call basis. 
The meeting was adjourned at 12:00 noon. 
~~ 
0 
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APPENDIX C 
BIOGRAPHIES OF TECHNICAL COMMITTEE MEMBERS 
MANABU TAGOMORI 
3035 Hiehie Street 
Honolulu, Hawaii 96822 
• Born and raised in Kahului, Maui. 
• Educated at Kahului School and Baldwin High School on ~laui 
and graduated from the University of Hawaii at Manoa in 1957 
with a Bachelor of Science degree in Civil Engineering. 
• Registered Professional Engineer in Hawaii. 
• 1957-1959, employed as design engineer with the Hawaii Water 
Authority. 
• 1959-1972, served as design and project planning engineer 
with the Division of Water and Land Development, Department 
of Land and Natural Resources. 
• 1973-1976, appointed the Study Manager of the Hawaii Water 
Resources Regional Study by the U. S. Water Resources 
Council. 
• 1977-1978, appointed the Executive Secretary of the State 
Water Commission. 
• In January 1979, appointed to present position as Chief Water 
Resources and Flood Control Engineer with the Division of 
Water and Land Development, Department of Land and Natural 
Resources. 
• ~1ember of the American Society of Civil Engineers 
~]ember of the National Society of Professional Engineers 
r.1ember of the American Water Works Association 
Member of the American Public Works Association 
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CURRICULUH VITAE 
Doru!J.d Ma:r~sou Thomas 
Personal 
Born: 18 Hay 1948, Bethesda, Maryl~nd 
Education 
1966-1970 
1970-1972 
1973-1977 
Dickinson College: B.S., Chemistr;·, Physics (GraJc.1at2a 
Cum Laude) 
Oregon Grad.,ate Cencer: H. S., C:l<!c croclw<:.i.scry 
Thesis~ The Pressure Dependence of Hydroc~r. Absorrt~on 
~ a .. l'l.al:.i.nw:l El.<!c~rode 
University of 
Thesis: 
Hawaii: Ph.D., Chemistry 
An isotopic Profile of Gases 
and Flank of Kilauea Volcano 
C-4 
Active Rcs~arch Specializ3tion 
Volc .. nic &:1S geochemistry: det<!rmination of isotopic .-,:Jd c!l'"'''·'tli "''"'l'i.Jsltio",; 
of fum.1.rolic and eruptive gas\!s n~ J mc-;Jns nf idl:ntify!.r.~ r.~:c IJlt:;;: otl.! .. w 1rc':'~~ 
of volcanic volatiles (e.g., meteoric w~l<!rs, llli.Jotle cut~as~in~. ~tc.), as ,.,.~Jl 
.J.!:i a means of rnu:titoring 'lUiesc·~nt and. eru.pt.::.ve prOCt:'.S.:..~.: i.r. C.!-.~ · ... dc.tni~ pi..l~ 
Also of interest are the effe.;ts of vclc::mir oucgasRin;; c-. ~;L·l ,; ~t:nosj;h•!ric 
budgets of u.ttoral and anthrOl'ogenic pollut:lnts. 
G~o c hermal exploration geochemistry: determination u f utemic :11 anJ ts'' cop ic 
composition of groundwaters anci soil sases as tr~1.::ers 0f ! (..;':tk.:.:;-:: f"r' Lii t,~t>thl2r:Tj,J1 
reservoirs. The appli~ation of eleme!:ltal and isotopic r.or c·cs of ?.i~.;olv.ed rare 
gases .in· the c.bar.ac.terizatiqa._cf geoth~rmal reservoir:. 
Geothermal·;rroduction geochernistt"Y!· r.t'ttrrpretat ion of the ~ het:li~a 1 :md i sot J'P ic 
c"mposiLion of geothermal prodtlC.ti•m fluids in ter= o: ,.,,.:!.rvc ir ~rcJuc c ~on 
characteristics, prod~ct:ion aquifers/fluid sources, scal.J.q~/corr::J!'i·cr. char'lc:er-
istics and potential envircnmcr.tal i~pacts. 
Current Research 
~estern States Cooperative, Direct Heat Resource Assessment Progran1, Year iV, 
Department of Energy, Principal Investigator/Project ~tanager. 
HGP-A \/ell head Generator Proof of Feasibility Project, Departme:~t of Enug}', 
Principal Investigator: Geochemistry. Environmental Nonitori!lg. 
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J.979-present 
1977-197'3 
1977-1982 
1975-1977 
1971-1975 
1969-1971 
1968-1969 
1966-1968 
1964-1966 
RESUMg 
Bill H. Chen 
Aseociete Pro£eseor end Cheir 
Computer Science and Engineering 
College o£ Arts and Sciences 
Univereity o£ Heweii at Hilo 
Ph.D., University o£ Rochester, 1970 
M.S., University o£ Rochester, 1968 
B.S., National Taiwan University, 1963 
Associate Pro£essor end Chair, 
Engineering end Computer Science, 
University o£ Hawaii et Hilo 
Geotherma~ Energy PrOJect Manager, 
Center £or Science Policy and Technical 
Assessment, Department o£ Planning and 
Economic Development, Stete o£ Hawaii 
Acting ProJect Manager, Aasistent 
ProJect Menager end ProJect Menager, 
HGP-A Geothermal ~ellhead Generator 
ProJect CTotel proJect cost - S10 
million> 
Associate Pro£eseor, Engineering and 
Computer Science, University o£ Hewaii 
at Hi~o 
Assistant Pro£esaor, Engineering end 
Computer Science, Onivers~ty 0: Hewaii 
at Hilo 
Assistant Pro£essor o£ Mathematics, 
Greeter Hart£ord Community College 
Research Assistant, University o£ 
Rochester 
Teaching Assistant, University o£ 
Rochester 
Teaching Asaistent, National Teiwan 
University 
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NAME: 
MARITAL STATUS: 
HOME ADDRESS: 
HOHE: l".ELEP HONE: 
OFFICE: 
OFFICE TELEPHONE: 
Bill H. Chen AGE: 41 
Married DEPENDENT : 1 Son 
137 South Wilder Road, Hilo, Hawaii 96720 
<808> 935-7897 
University o:f Hawa-ii at Hilo 
1400 Kapiolani Street 
Hilo, Hawaii 96720 
(808) 961-9388 
OTHER EDUCATIONAL EXPERIENCES: 
1. Completed a two-week eourae·in Applied Reservoir 
Engineering o:f:fered by Applied Reservoir Engineering 
School, Oile and Gas Consultants International Inc., 
Newport Beach, California, May, 1974. 
2. Completed a :four-day course in ProJect Management 
offered by University of Hawaii College of Continuing 
Education and Community Service, Honolulu, Hawaii, 
March, 1979. 
3. Completed a three-day technical training course in 
baaic Geothermal Dri~ling and Completion Technology 
o:f:fered by Geothermal Rescurcea.Council. Albuquerque, 
New Mexieo, March, 1980. 
GEOTHERMAL EXPERIENCE IN SUMMARY: 
1. Reservoir Engineer with Hawaii Geothermal ProJect, 
University of Hawaii, 1973-1977. Primary 
responsibility in well test equipment procurement and 
construction, wel tests and reservoir engineering 
analysis. Also participated in well drilling 
discussions. 
2. Geother111al Ener9Y ~Ject Manager, State o£ Ha.-eii 
Department o£ Planning and Economic Development, 1977-
1979. Primary responsibility in assisting procurement 
o:f •ederal funding for Cal HGP-A Wellhead Generator 
ProJect <S10 million>: <bl Statewide Geothermal 
Assesment (S600,000l; <c> State of Hawaii Geothermal 
Commercialization Plan (S100,000l. 
3. Acting ProJeCt Manager, HGP-A Wellhead Generator 
ProJect, Jan.-Juae, 1978. Primary responsibility in 
procuring governmental permits, preparing environmental 
impact statement, negotiating contracts with U. S. 
Department of Energy, selecting engineering design 
C-7 
serv~ces ~nd selecting environm~ntal monitoring 
services. 
4. Assistant ProJect Manager, HGP-A ~ellhead Generator 
ProJect, 1978-1981. Primary responsibility in 
technical assistance on reservoir and wellhead 
equipment design and procurement, environmental 
nonitoring, well workover an~ plant operati"ns. 
5. ProJect Manager, HGP-A ~ellhead Generator ProJect, Aug. 
19~1-0ct., 1982. Overall responsibility in start-up 
operation and maintainance of the power plant. 
&. Consultant to Feasibility Study on Utilizing Geothermal 
Energy in Sugar Processing, Amfac Corporation, Puna 
Sugar COlllpany • .1979. Rrilzlary· raaponsi bi lity in 
providing w~l £luid. eatimation. 
7. Consultant to Feasibility Study on Geothermal 
Industrial Park at Puna, Dillingham Corporation, 1980. 
Primary responsibility on geothermal reservoir and 
produc~ion estimation, geothermal heat pricing 
structure, and geothermal heat in papaya processing, 
wood-kiln processing and coffee processing. 
8. Visiting Lecturer to University of Auckland Geothermal 
Institute, June, 1981 and Visiting Scientist to 
Department of Scientific and Industrial Research, 
Taupo, New Zealand, June-July, 1981. 
9. :o-principa1 investigator on "Utilization o£ Geothermal 
Enezgy in Tropical Fruit Processing.- vith L. P Lopez, 
funded by State of Hawaii Department of Planning and 
Economic Development, 1982. 
10. Principal ioveatigator on ''Interference and ~ell Test 
Analysis of Kapoho Geothermal Reservoir,'' funded by 
Hawaii Natural Energy Institute, 1981-1983. 
11. Principal Investigator on "Scaling and Corrosion Study 
of Heat Exchangers using Geothermal Waste Water," 
funded by Hawaii Natural Energy Institute, 1983-1984. 
12. Member of State 0'£ Hawaii Geothermal Advisory Committee 
since 1978. 
13. Member of the State of Hawaii Department of Land and 
Natural Resources Technical Committee to designate 
geothermal subzones for the stat~, 1984. 
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9-1A.JS 
(1 C%) 
U.S. Deportment of the Interior 
G.ologicol Survey 
Geologic Division 
PROFESSIONAUTECHNICAL PERSONNEL RECORD 
I. "<AH.E (lo•t) (fir>t) (initial) 2. Duty station 
Jackson Dallas B. Hawaiian Volcano Observ. 
-. !inh date (month) (dey) (year) 5. CiaWfic.gtion title S.riM 
January 19 1933 Geophysicist 1313 
6. .id first end s.econd scientific or technical spe-cialties 
o. Geophysical Exploration b. Volcanology 
7. ::>t'- .Oentific, t~hnical, a< special Wl4 {roge<dleu of ralatioo to present po>itian) 
o. :oucatian (include >eeondory schools) 
School 
Lniv. of Colorado 
~ iv. of Colorado 
C-lo. School of Mines 
Dotes al!ended 
1951-53, 1956-58 
1959-1960 
1963 
9. ipeciolized training (including postgraduate end Gavemment r:o<.nes) 
1 C.. Civil Service gradou and dotas 
Maje< end minot 
specializations 
Geology 
Geol ooy-Geophys. 
Geophysics 
1\. List Of' desaibo any infOf'motion end (ar) expo<ienca not covwed on farm that might offe<t ca....,. auignment 
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3. Date prepel"t 
Feb. 1984 
Grado 
13 
Oegreo, year 
or anticipate-d 'f"!'CL' 
B.A., 1958 
g,..,e dofes, and include signrfu:.ont offices ~ 
Siqma Gamma Epsilon- 1960 to present 
Society of Profess1onal Well Loq Analysts - 1968 to 1974 
American Geophysical Union - 1974 to present 
Geothermal Resources Council - 1979 to 1982 
Jackson, Dallas e. 
l.:Zb. L•c!\:resh;ps. sympo,;a. m.;t.d canlwenc.o porticipotian. Give da .. s. naMe of ..,"'Y (-• you s.ovght out "' did you cpply to pcl"lici-.;>t• 
c:C: 1 .. .:.1 of pcnicipotion.. 
Symposi~ on electrical geuphysica1 techniques applied to·qeothermal e~oloration. 
Snowbird, Utah, 1977. Invited attendance; gave poster session on Coso Hot Sprinqs, 
California. 
12c. Committee. to rwnder sciwnt'fic jud;ment. Include tcientmc ,...;- panels, editorial board., edito11liipt, will. dates. lnch.ode !I.e oopocit: 
~ you_,.... (~. mb wain..~...., b=r. obu ..., upen =nsu~-. *-}. •' 
12:!. O:ncr committ .. >s, spe<icl cuignm•nts, &igniliccnt coNultant role& (go-=-1 ond (or) industry). Nome a<gcnizonon, ;roup, dotlr. • 
n.:h.;ro of contribution. 
Visitinq professor, University of Clermont II, Cl~rmont-Ferrand, France. 
April to October 1982. 
Consultant and advisor from June to September, 1982, on volcanic surveillance 
techniques at the French Observatoire Volcanologique de la Reunion, Indian Ocean. 
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"'' 
Jackson, Dallas B. 
~.. List uTv•nhons, pcte-nh held, t.chniqves or rW)ch d•"'elcped or impt"o•ed. lnch • .O. dotes. 
1969-1971. Developed the technique for "dry tilt" measurements used for ground 
deforamtion studies at the Hawaiian Volcano Observatory. The technique is now 
used routinely in various volcanic areas throughout the world. 
1982. Developed a new type of portable break-down tilt rod system for use at 
Piton de la Fournaise where all equipment must be backpackerl to remote "dry tilt" 
sites. Because of the· assymetric nature of a rod set a techniQue for 
temperature corrections to compensate for varying coefficients of expansion 
of individual rods was also developed. 
Best presentation award fo~mtning ~ession, 38th annual International SEC meeting. 
1968, Denver, CO., paper by Zohdy, A.A.R., Jackson, D.B., Mattick, R.E., and 
Peterson, D.L., Resistivity, seismic refraction, and qravity investigations 
for ground water near White Sands, New Mexico. 
US Geological Survey, 1959, Special Achievement Award 
US Geological Survey, 1974, Special Achievement Award 
]. ea.- expe<"ience. (U .. Mpan>fa sJo-t. foil- fonn bel-. I.W chronologi=lly stortiftv as -1y aa IIK8uaty to include peni.-t infonnation. 
h:Wde .ai;niN:cnt commi~ and """""'"-;.,. cuignmenls.) 
Dates 
To 
See attached 
llrief description of worlt or position 
(if USGS, ;r.. nome of wpemo« and 
organization.) 
I. 1ibli01;1raphy: UM Mporole "-' and list aU repar1 ref.-• c!v-IOQically in USGS bibli01;1raphic style. Number each entry foll.,......d by 
lw pn>per publicof;an cede: (1') published repar11 (M) publithed map1 (0) apen-fila1 (A) publislwd abltract1 (Ad) odminiltn>tM report. fl>" 
manusaipn 'In p<au• ;r.. """'bar of mcmuocript po;es and il•t .. :' d publication ......,........ Pro;rua repom. Wort. PlaN and -""""'piW.. 
,...."·and similar repom "-ld not be included. See attached 
I. iignificant contnbutianso On single Mparcte sJo-t, t.st your 3 mast Important publications in normal bibliO<;irophic style and de&cribe th. 
..-,tific significance of ~ eontrvbutian to th. publication, da not repeat an abttract. Oa ,..., .,.. ....,; .. of a tcientilic invost>golian w+.ich 
....;n not be publi&hed in th. lutwe. In de~ttib;ng each of theM, include the following: a) stotemens af nosuln (conclusioN); b) >igniliconce 
>f resultt (your fMiing af we>rthineu), c) impact on field; d) for multicMI>cred pape<"l, diiCIIU what )'OUt actuol contribution consisted of . 
.significant contributions which are not port of norrnol po-aject _,k ......, be listed in place of a publication. heJN included should be sine• 
your last p<omotion or wirhin rho last .5 ywan (whi""-- is shorter). This item is increasing in importonco ;, Ollica and Oivioion lovol ..-ings, 
~ b to )'OIK ~ .,.j.,,,"oge ta write it up as ...,.fully and a=wataly as po11ible. See attached 
~. Statement of car- ;eels (aptiono~ 
If )'OU wi&h to po-ov;de lnlonnation on typn af aui;nments, geoi<>Qic specializations, additional education, geo;•ophic, or orgonizationol 
ecalions you •auld like to, or pion to, haw in the lvtvre or any att- information having to da wirh y0411 car-, ploc,. wrioo not mo•• 
.+on 2 poge> on it. See attached 
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13. Career Experience continued: 
From To 
11 /58 7/61 
7/61 7/65 
7[55 
Nature of Work 
Geoloqic Field Assistant, Geophysics Branch. 
Attended graduate school part time. Reduced data 
for professional geophysicists in the branch. Con-
ducted field qeophysical surveys.under the 9uidance 
of a professional. Shared the responsibility for 
data collection, reduction, during 5 months of lGYC 
(International Geophysical Year Continued) on Ice 
Island T-3. Responsible for navigation of Ice 
Island T-3. 
Geologist, ~ranch of Theoretical Genphysic~ and 
later Crustal Studies. louis Pakiser, Branch Chief. 
Persons supervised -0 to 2. Well log studies of 
overburden·tn tedroct in western Nebraska, Colorado, 
and eastern Utah. The well log studies served as 
background for very deep DC resistivity studies in 
the western and mid-western US. Under the 
supervision of G.V. Keller I was responsible for 
geophysical survey, interpretation, and publication 
of the data from the western US. These data, plus 
other deep soundings funded by the BPA and using 
Arizona, Nevada, and California power grids for 
current sources were the first DC soundings to 
demonstrate the rresence of a deep crustal conductor 
in the US. 
Geologist, Branch of Regional Geophysics. Don 
Mabey, Branch Chief. Team member and part time 
principle investigator for numerous DC resistivity 
surveys to solve various structural and lithologic 
problems related to ground water distribution. 
Many surveys defined deep, fresh-water bodies 
over saline water in the Basin and Ranqe Province. 
Surveys were made in numerous lithologic environ-
ments throughout the mainland US and in Hawaii. 
As well as studying water resources problems (all 
funding for these surveys was WRD) research and 
develonment on the improvement of DC resistivity 
sounding techniques. Schlumberger and dipole 
arrays, was an integral part of the electrical 
profiling and mapping surveys. Supervised 0-5 
people. Work directed by project chief Adel 
Zohdy. 
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13. Career Experience continued: 
From To 
6/57 6/68 
6/68 B/71 
am 
Nature of Work 
Geologist, Branch of Regional Geophysics. Branch 
Chief Don ~1abey. Principle investigator for 
electrical surveys in Grass Valley California area 
to evaluate usefullness of DC techniques to map 
lateral bounoaries and depth of gold bearing 
paleochannels. This was part of a multidiscipline 
survey to compare the usefulness of aeromag., IP, EM 
resi sti vi ty, DC resistivity, gravity, and reflection 
seismology. DC resistivity defined lateral 
boundaries marginally well but defined paleo-
channel depth to about + 151. (as well or better 
tfran any· otner·techniqui' except refraction profiling). 
Project Chief Howard Oliver. Participated in the 
first electrical measurements over shallow geothermal 
targets in Yellowstone and in 2 more ground water 
related surveys: one in Alaska and one in Utah. 
Geophysicist, Branch of Field Geochemistry and 
Petrology. Transferred to staff of Hawaiian Volcano 
Observatory. Scientist-in-charge, Howard A. Powers 
and later Don L. Peterson. Shared responsibility 
for ground deformation measurements and their inter-
pretations for 3 rift eruptions and 1 summit eruption. 
Developed a spirit level tilt technique that allowed 
field tilt measurements to be made in the daytime 
or at night. Expanded the tilt network to 
cover Kilauea more thorough] y and improved 
the existing water-tube tilt system sn measurements 
could be made in overcast weather. Initiated 
electrical studies at Kilauea by mapping 
thermal features with VLF EM techniques and 
was the principal investigator for a EM sounding 
survey of Kilauea's summit area that delineated 
a broad shallow conductor (> 1 km depth) that 
may be a geothermal system above a shallow 
magma reservoir. 0-1 person supervised. 
Geophysicist, Branch of Reigonal Geophysics. Branch 
Chief Don Mabey. Transferred to Regional Geophysics 
Branch, Denver. Interpretation for publication 
of eruption and intrusion data collected at 
HVO. Modeled summit deformation data for 
magma reservoir depth, to map its location 
and depth, and studied migration patters of 
the reservoir. Evaluated all available deformation 
models for the summit (spherical source, vertical 
line source, tabular body, etc.) and concluded 
that the Moqi spherical source best explained 
observed deformation changes. Two satellitic 
manmatic chambers on the upper east rift zone were 
also identified. Part time work on field.resisfiiv}tY 
surveys for the grouod water oro~ect; pr·oJect c 1e 
Adel Zohdy. No people superv,se • 
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13. Career Experie 
From To 
3/73 1/78 
1/78 1/82 
continued: 
Nature of Work 
Geophysicist, Branch of Regional Geoohysics. Branch 
Chief· Martin Kane. Principle investigator on ground 
water resistivity surveys in southern New Mexico to 
delineate areas of saline water; in eastern Washington 
to map basement configuration of the moscow-Pullman 
Basin; and unsuccessfully in western Washington to 
trace shallow aquifers in· a comple~ sequence of thin, 
rtiscontinuous sanrt and clay layers. 
--Shared responsibility for EM and DC resistivity surveys 
to target low resistivity regions related to 
geothermal areas in the Geysers geothermal field, 
California, and Long Valley, California and Raft 
River, Idaho. 
-Principal investi-gator for bipo1e-rtipole and Schlumberg,: 
surveys to locate geothermal targets near Marysville, 
Montana and in the Bruflo-Grandview area, Idaho. 
Principal investigator and project chief for AMT, 
telluric current, and DC resistivity sturties at Cose 
Hot Springs, California to delineate the known geo-
thermal resource and to investigate the surrounding 
region for new geotherma 1 prospects. Af.1T proved to be 
the best tool in the Coso area for reconnaissance work 
although DC soundings best defined true resistivity 
values. 0-5 persons supervised. 
Transferred to Hawaiian Volcano Observatory at 
Kilauea Volcano as a research geophysicist. 
-Scie.ntist-fn,Citarge: Gordon Eaton. 
Project supervisor for electromagnetic and galvanic 
geoelectrical studies on the island of Hawaii. 
--Mapped SW rift zone of Kilauea Volcano to Puu 
Koae delineating numerous self-potential anomalies 
relatert to geothermal phenomena. 
--Established and maintain numerous lines for self-
potential monitoring on Kilauea Volcano. 
--Mapped with D.C. soundings the summit and upper 
rift zones of Kilauea to delineate areas of dike 
impounded groundwater. 
--Completed preliminary self-potentfal survey of 
Hualalai Volcano delineating a possible zone 
along the NW rift zone of geothermal potential. 
--Team member in an ELF (extra low freq.) loop-loop 
electromagnetic sounding survey of the summit and 
upper rift zones of Kilauea and to define the geoelec-
. . 
tr1cal structure of Kilauea. 
--Established an electromagnetic vertical-field 
monitor at the summit of Kilauea to study direct 
sensing of magma movement and possible eruption-related 
precursors. 
--In cooperation with Hawaii Institute of Geophysics 
participated in a mise-a-la-masse survey to define 
the lateral extent of the HGP-a geothermal steam 
t1eld in the Puna District. 
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13. Career Experience continued: 
F rol'l To 
1/82 Present 
Nature of Work 
Research Geophysicist. Branch of Igneous and Geothermal 
Processes. Branch Chief. Patrick Muffler. Scientist-in 
Charqe since 1979. Robert Decker. 
A portable dry-tilt systel'l for use in highly inaccessable 
areas was designed and built in early 1982. 
The remainder of 1982 was spent in France and on 
Piton de la Fournaise in the Indian Ocean. A 
dry-tilt {s;riri1: leVi!l)·ne~orl: was installed on 
Fournaise as the first step to setting up a ground 
deformation measurement program. At Kilauea ground 
tnt-measurements· are the ITTtlst valuable tool to 
define centers of vertical displacement that may 
be precursive to eruptions. This has also proved 
to be true on Fournaise where ground displacements 
are negligable most of the time. The December 
1983 eruption of Fournaise was preceeded by vertica'l 
uplift in the vicinity of the new eruptive fissures:: 
precursive uplift was documented by tilt vectors 
before eruption began. 
Principle investigator for geoelectrical studies at HVO. 
Research on self-potential (SP) source mechanisms at 
Kilauea. "llla+IPing .of SP on Kilauea. Hualalai. and Mauna 
loa· vo1 canoes. !'loni tori ng of SP changes "On pennanent 
arrays located over zones of high heat flux and con-
tinuation of a monitoring program for vertical 
magnetic field changes at 4 sensors located in and 
near the summit area. The measured magnetic fields 
are generated by a large horizontal source loop 1 
km NW of the caldera and for convenience is called 
a controlled source electromagnetic monitor (CSEM). 
The CSEM began in 1979 is ongoing and will be 
automated to an analog telemetry system in 1984. 
The monitor system. nearing completion. was designed 
and is being built at the Geophysics Branch electronics 
laboratory. Large CSEM anomalies have been identified 
related to intrusions in August 1980 and January 
1981. The CSEM event in 1981 was precursive to 
the intrusion. Modelling experil'lents in December 
1983 show that orthoginal horizontal coils added to 
the existing vertical coils at the monitor sites 
will increase the sensitivity of the monitors to 
emplacement of conductors (dikes) and may also add 
the capability of defining the direction to an 
intrusion relative to the monitor sensors. 
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13. Career Experience continued: 
Fro~ To 
1/83 present-cont. 
Nature of Work 
S? 11TCIJloing of Hualalai. volcanoe, ongotng-·since l9RO anrl 
to be compete in 1984, reveals high amoliturle anomalies 
associated with the rift zone at the summit and down the 
NW rift zone to about the 1500 m elevation. Confirmation 
of the existance of a conductor coincident with the SP 
high at the 1800 m elevation by EM techniques and anolog_ 
to SP relations at Kilauea suggests this may be an 
important, exoloitable geothermal resource for west 
Hawaii. 
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PROr ·sro:IAL/TECHNICAL PERSONNEL F 'RD 
l • N;~i:ie (l"st) (first) (initial) 2. Duty Station 3. Date Prepared 
'r-uuahikaua James P. Honolulu, HI February 1984 
• n1.rth date (month) (day) (year) s. Classification Title Series Grade 
August 1 19.51 Geophysicist 1313 12/4 
6. Lise first and second scientific or technical specialities 
a. (303) Elec~ri.cal geophysics h.. (603).. Nume.ri.cal me~Jis .for computation 
-----------------------------------------------------------
Other sci~ntific, technical, or special skills· (regarrlless of relation to present 
pocitiCJn) 
Proficiency in computer languages - APL, FORTRAN, BASIC, PASCAL, PL/1, HP~41C language 
Ft,oto!;r<phy 
Anto m:::chcnics 
Scuba diver 
Voice, guitar, piano trained 
Rc.-.ding knowledge of French and German 
--Educ .. doa: (iaclude secondary schools) 
Dates . .aLtended 
Major and minor 
specializations 
Degree year 
or ~cipated year 
Ka:ueh1:neba School to 1969 H.S. Diolo::~a 
·,.,i v. of ·~so_;;:.. :;;.C:;.a:::.l;:;i;:.f""o_r_n_i,_a ___ ..;1,.;9<-:6,.;9;.:_:.;1:.;9;..,7..,1,..-------:P"'h-y-s""'i,...c-s------....::=~====----
'''~o n<: Co ll 2 9: 2'~-------""1-i';9.;;7.,;.1_-.;:.19~7;;.;3~-----.;:;G.::.e.::.o;:,lo~g""y'-:---------;B::;-·:.;;A;:-;•:.....;1~9,;;7~3-----
.L :;y;~· -of !!"'' .::~:l;_;;i:__ _____ ~1?;9.;;7~3--.;:.1 ~9 7;;,6;;-------;';G-"e-"o':-phi:-y':-s:-'i;'-c:-'s:-------'~~1~. S'-;.':-'1'-';9;c7;<i6;:;-----
l· . ;i. v • o f I k ~':;.C. ::_i ::.i ----------'1:.;9;_7:..;8::_-...;1:.;9:..;8:.:2:.;_ _____ ..;G:.:e:.:o:Jp:.:h;:,Y:..;S:..:i:.:C:.:S:.;_ ___ _:P.:;h:.:•..:D;_:•:;...:1..:9..:8..:2:..... __ _ 
~peci~lizcd training (include post-graduate and government courses) 
!~one 
10. Civil Service Grades and dates Check if career employee ~ 
ado CS·-~:__:;:.G;:.S-.,.,1;.;1:--:;:.GS;.l:;.:2;,..---------------------------
.L_• t_e ___ 1~ /) '.:..' _ __:1..:1.:;1.:;7.;::8 __ :.;1 0:.:1:..;8:.:0:...... ___________________________ _ 
I 1. L.ist o:: describe any information and/or experience not covered on form that might 
L(fcct c3reer assignment. 
------·------------------------------------------------------------
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Kau~hik~ua, J. P. 
Hemberships in professional societies. List, give d~tes, and include significant 
offices held. 
f.ncrican Geophysical Union 1979-present 
Society of Exploration Geophysicists 1978-present 
Geothermal Resources Council 1979-1981 
A~soc. for Computing Machinery 1972-1978 
Hc:wuii Association of Professional Geologists 1982-present 
12b. Lectureships, symposia, invited conference participation. Give dates, nature of 
entry (Perc you sought out or did you apply to participate?), and level of 
participation. 
12c. 
Invited symposium sp.eaker on. "Elect.romagn.etic exp.l!lration methods for geother:nal 
resources", Hawaii Natural Energy .Institute, April 1980. 
Invited speaker on -use of Electrical-resistivity techniques for groundwater 
exploration", Hawaii Water Works Assoc., May 1983. 
Committees to render scientific judgement. 
editorial boards, editorships, with dates. 
served (chairman, subcommittee chairperson, 
etc.). 
Include scientific review panels, 
Include the capacity in which you 
member, observer, expert consultant, 
Served on u.s. Geological Survey committee reviewing the non-seismic geophysics 
program at Hawaii Volcano Observatory, May, 1982. 
Sen-ed as ·a ju.dge f~ J!awa.ti.Sta.ta.High..School Sience . .Fairs, 1982-1984. 
12d. Other committees, special assignments, significant consultant roles (government 
and/or industry). Name organization, group, dates, and nature of contribution. 
None 
12e. List inventions, patents held, techniques or methods developed or improved. 
Include dates. 
1977- developed a numerically stable technique for computing the coupling between two, 
V-<.l.y clo3cly-spaced, finite length wires on a layered halfspace. 
1 ~~0- developed a fast algorithm to compute EM fields about a polygonal-shaped, 
hori~ont~l loop on a layered halfspace. 
12f. honor£, awards, recognition, elected membership. List and give dates 
Gr::.:uc. ted cum laude, Pomona College, 1973 
A11::rdcd research assistantship, University of Hawaii, 1973-1976 
A.,Jnlcd USGS internship, 1977-1982 
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Career Er.perience 
To 
171 1973 
"173 1976 
_.C./76 12/77 
./77 12/81 
6/78 Present 
Kauahikaua, J. P. 
Nature of work 
(exd. summers) teaching assistant for various introductory 
geology,courses at Pomona College. 
Research assistane. Hawaii Geothermal· Project, University of 
Hawaii; Doug Klein, supervisor. Application of electrical 
geophysical methods to geothermal exploration in Hawaii. 
Involved planning small surveys, field work, gathering data 
using the following techniques: loop-loop frequency sounding, 
time-domain electromagnetic sounding, Schlumberger sounding, 
and direct-current bipole mapping. Master's thesis reported on 
a newly developed method to interpret-the time-domain data. 
These· results.integrated with those fram ather disciplines were 
used to IDeate a successful geothermal well. 
Geophysicist. Branch of Electromagnetism and Geomagnetism, 
Branch Chief: Frank Frischknecht. Research involving 
numerical modelling of electromagnetic techniques used as 
geophysical tools. Derived formulas and developed computer 
algorithms to compute the electromagnetic fields (both time and 
frequency domains) about a finite-length wire, the electric 
field very close to a wire (in a Schlumberger array, for 
example), and the electric field of a grounded wire on an earth 
model with complex (frequency-dependent) conductivities. 
Applied these programs to the interpretation of electromagnetic 
data obtained. at Randsburs KGRA.in California. 
Geophysicist,· Brancb of "Electromagnetism and Geomagnetism, and 
Hawaii Geothermal Resource Assessment Program, University of 
Hawaii. Proposed, planned and supervised completion of thre•~ 
joint projects of (USGS and UR): 1) geothermal assessment of 
five selected areas on "Hawaii island using a combination of 
time-domain electromagnetic and Schlumberger sounding 
techniques; 2) mise-a-la-masse experiment using a geothert::al 
well casing as the prominent electrode; 3) investigation c-f the 
use of VLF and EM loop-loop profiling for fast regional 
reconnaissance of volcanic terrain. 
Geophysicist, Branch-of Electromagnetism and Geomagnetism; 
Branch Chief: Frank Frischknecht, Adel Zohdy; Project: Hawaii 
Geothermal Investigations, Project Chief: Charlie Zablocki. 
Completed two- and three-component magn~tic field measurements 
at 45 locations about a large, controlled-source loop located 
in the summit region of Kilauea volcano, Hawaii. The original 
purpose was to map subsurface magma concentrations with this 
technique because of its sensitivity to magma's inherently low 
resistivity, Compilation of layered-earth interpretations for 
most of these soundings together with physical scale model 
results, show that tha entire summit region is underlain by a 
thin, very conductive layer less than 2 km below tha surface. 
Magma bodies below this layer are difficult or impossible to 
detect with this technique. The results of this experiment 
were reported in a PhD dissertation, June 82. 
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Partly on the basis of the above resuslts, an experiment to 
continuously monitor the summit region resistivity was begun ir 
March, 1979 and has continued to present. Experiment could be 
an important tool with which to predict volcanic eruptions 
because it relies on entirely different properties than 
conventional monitors like surface tilt and seismicity, 
therefore can be independent. Results have been promising 
enough to warrant further sophistication. A computer-
controlled data acquisition system coupled with telemetry has 
been built and is being tested for installation in FY 84. 
The new system will allow more accurate data to be obtained 
more often with less manpower, 
Geophysicist, Branch of Geophysics, Groundwater exploration 
project., Branch and .Project Chief:_ Ade.l Zohdy. Overall aim 
was to evaluate electrical geophysics techniques for ground-
water exploration in the three environments normally 
encountered in Pacific islands. A combination of Schlumberger 
and electromagnetic techniques were used to estimate 
groundwater reserves and the results were compared to 
preexisting wells to determine success of application. 
Field studies to date include: 
Recent volcanic terrains in the State of Hawaii, Waimea and 
Kana, Hawaii, Kalaupapa, Molokai, and Schofield, Oahu were 
studied. Several islands in Truk and the Marshalls were 
studied representing low-lying atolls. Finally, Guam and 
Saipan were host to several studies of marine limestone capped 
volcanic islands, known as "high" islands. 
Research into appropriate interpretation methods for these 
en1d.J:'onments centers _around comp.u.ter .. methods and .mode.ls suited 
for the differing geologic conditions. 
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EDUCATION 
DANIEL LUM 
272 Kalalau Street 
Honolulu, Hawaii 96825 
March 1984 
1956: Rice University, Houston, Texas. B.A. degree in Geology. 
1957: University of Utah, Salt Lake City. M.S. degree in 
Geophysics. 
WORK EXPERIENCE 
1957-1960: Geophysicist, South Dakota Geological Survey, Vermillion. 
In charge of all geophysical activities of the Survey, 
including regional gravity studies for oil and gas and 
structural geology, electrical resistivity investigations for 
ground water development, and geophysical well logging. 
1960-1984: Geologist, Head of Geology-Hydrology Section, Water 
Resources and Flood Control Branch. 
PUBLICATIONS 
• Project geologist and supervisor for more than 50 ground 
water exploration and development wells. 
• Project geologist on major dam and reservoir projects. 
• Responsible for numerous investigations in water 
resources planning and development, hydrology and 
mineral resources. 
• Principal author and coordinator in the adoption of Hawaii 
State's geothermal leasing and drilling regulations in 1978. 
Author of numerous published reports and papers, unpublished 
administrative reports, and technical presentations. 
PROFESSIONAL MEMBERSHIPS 
Geological Society of America 
American Geophysical Union 
Society of Exploratory Geophysicists 
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::a-:; 
U.S.Deperrment of the lnteroOT 
Geologirot Survey 
Geologic Division 
PROFESS!ONAUTECHNICAL PERSONNEL RECORD 
NAME (lest) (first) (iniliol) 2. D.ny Jtction 
Moore Richard B Hawaiian Volcano Observ. 
Sinh dote (month) (dey) (year) s. Clauific:ction title Series 
July 10 1945 Geologist GS-1350 
list fint and s.ec:ond scientific or te<:hniccl soe-ciclties 
3. Date r••: 
Feb. 1 -
Grade 
1 3 
Geologic mapping and interpretation of petro-
chemi ca 1 data b. Operation of electron microprobe 
O:her scientific~ te-cflniccl. or spe-cial skills (regardless of relation to present position) 
Familiarity with volcano monitoring equipment. 
Operation of mass spectrometers. 
Educ.cticn (include s.econdcry schools) 
School 
Lexinaton MA Hiah School 
Tufts Univ .. Medford M~ 
U of North Dakota. Grand Forks 
U of New Mexico, Albuauergue 
Oates attended 
1960-63 
1963-67 
1967-69 
1 970-73 
Speociclized tTcining (ind!Jding postgrcducte and Government course~) 
Graduate courses in geology and physical chemistry. 
H.aior and minor 
specializations 
Geolooy. Classics 
Janeous Petrology 
Janeous Petrology 
Check if CQT..,. employee xO 
Us.e osteris.k fer CrT'/ grade obtained in a management or other nonresearch capacity above G5-12 
, list or describe ony information and (or) experience net covered on form that might affm car-eef' assignment 
See a ttc. d1ed 
C-22 
Degree, y " 
or cnticipotea Y! 
Dioloma 
B.S. 1967 
M.S .. 19' :_ 
Ph.D .. 197~ 
Moore, Richard B. 
11. List or describe· any information and/or experience not covered on·form 
that might affect career assignment. 
A. U.S.G.S. field experience includes: (1) examining ore deposits in San 
Juan Mts., Colo.; (2) mapping a diabase intrusion and examining uranium 
deposits in McKinley and Valencia counties, New Mexico; (3) mapping the 
late Cenozoic San Francisco volcanic field, Az., and studying its petrology; 
(4) assignment to Hawaiian Volcano Observatory (8/77 to 9/80), and 
consequent observation of eruptive activity, handling of monitoring 
equipment, and field geologic mapping on Kilauea Volcano; (5) mapping and 
petrologic studies on Hualalai Volcano (project chief); (6) mapping and 
petrologic rtudies. en Sao ~guel lsl.and, AzorJ!s {agreement with USAID). 
B. Laboratory experience includes: (1) operating electron microprobe to 
analyze returned lunar·samples and San Francisco volcanic· field rocks; 
(2) operating mass spectrometer. 
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12c. Memberships in professional societies. list, give dates, and include significant offices held. 
Geological Society of America 
Sigma Xi 
Sigma Gamma Epsilon 
American Geophysical Union 
1968-present 
1968-present 
1968-present 
1971-present 
Moore, Richard B. 
12l>.. lmvreships, syaupaw, ;,.;ud malw; • pua ti ·, liua. Giow. .... - Dl-*'! (-.,--...;hi._ ar .:lid,.._ apply ta pano..ip 
ca.-.d ,....,, of ponicipation. 
1. Invited guiding of field trips-GSA Rocky mt. Section Meeting. 1974 (San Francisco 
Volcanic Field) 
2. Invited guiding of field trips-Circum-Pacific Energy Meeting, 1978 (Island of Hawa1 ) 
3. Invited guiding of field trips-IAVCEI Symposium on Volcanism, 1979 (Island of Hawa11'. 
4. Invited to present paper on Hawaiian volcanism, IUGG meeting in Canberra, 1979 
(abstract is listed in bibliography, but I did not receive approval for foreign 
travel--Bob Decker presented my paper) 
5. Chaired~ection on volcanism, GSA Cordilleran Section, 1978, Tempe 
12c. Committees to r""der s.:ient'fic fWg.......t. 'lrc!aol. sciwnnfit ~panels, -.!itariat boards, editomips, wi1lt dates. lncla.de tt. a -
""'ich you ..,......j (choirmon, s"bccmmit!H cnairpenon, memb.r, obsenw, expert CONUitcnt, ott.), 
None 
W. O.ne.- committoos, specie! cuignments, significant consultant roles (go-t end (or) ind"stry). Name orgcnizcticn, group, d: ts 
rcturo of contribu1ion. 
Geologist in USGS team assisting the government of the Azores in the assessment of 
Azorean geothermal resources, 1980-1983. 
Assisted Apollo 17 crew in geologic traverses, San Francisco volcanic field, 1972. 
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13. Career experience: 
Frcrn To 
7/68 9/68 
6(£3 
10/69 10/70 
5/71 9/71 
5/72 9/72 
1967 1969 
1970 1971 
1971 1973 
10/73 
8/77 9/80 
U.S.G.S. Field Assistant, supervisor Calvin S. 
Bromfield, Denver. Mapping of volcanic rocks in the 
western San Juan Mts., Colorado; collection of ore 
samples. and stream sediments. 
U.S~G;S. rie1d A:ssirtllnt, supervisor Clrarl es T. 
Pierson, Denver. Mapping and petrography .of .a diabase 
1rrtTus""ron; elCi!lllinrtion of orani um deposits. 
U.S.G.S. Physical Science Technician, supervisor 
E. w. Wolfe, Flagstaff. Mapping, petrology, and 
geochemistry of San Francisco volcanic field. 
U.S.G.S. Field Assistant, supervisor E. W. Wolfe, 
Flagstaff. Mapping, petrology, and geochemistry of 
San Francisco volcanic field. 
U.S.G.S. Field Assistant, supervisor E. W. Wolfe, 
Flagstaff. Mapping, petrology, and geochemistry of 
San.Fraociscn v.c.lcanic field. 
Graduate Assistant, University of North Dakota. 
Teaching of optical mineralogy and petrology 
laboratory classes. 
Graduate Assistant, University of New Mexico. Teach·ing 
of physical geology laboratory classes. 
Research Assistant, University of New Mexico. Analy;~ed 
lunar samples in electron microprobe for Klaus Keil 
and Martin Prinz.. 
Geologist, U.S.G;S., F1agstaff, Arizona. Project 
Chief: E. w. Wolfe. Mapping, petrology (including 
electron microprobe work), and geochemistry of San 
Francisco volcanic field. 
Geologist, U.S.G.S., Hawaiian Volcano Observatory. 
Supervisors: G. P. Eaton and R. W. Decker. Surveil-
lance of activity of Kilauea and Mauna Loa volcanoes. 
Field geologic mapping of part of Kilauea volcano. 
Petrology and geochemistry of Kilauea rocks. 
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13. Career experience (Continued): 
Frcm To 
10/80 Present Geologist, U.S.G.S., Hawaii. Chief of "Geology and 
Petrology of Hualalai Volcano" project. Supervisor--
Field G & P Branch Chief. Includes 8 months studying 
geology and petrology of the Agua de Pau, Sete Cidades, 
and Furnas Volcanoes. Sao Miguel.lsland. Azores. I 
have ~supervised. two .employees. 
The Hualalai project will resu~t in reports that 
identify volcanic hazards and potential geothennal 
targets on a possibly dangerous, heavily populated 
volcano. 
Ditto for the Azorean project--! am the geologist in 
a 6-member USGS team. 
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(02/10/84) 
CURRICULUM VIIAZ 
John M~ Sinton 
lr.RESENT POST!ION: Associate Professor of Geology and Geophysics 
Hawaii Institute of Geophysics 
University of Hawaii 
Honolulu, Hawaii 96822 
(808) 948-7751 
PERSONAL" INFORMATION: 
Date of l!irth: April 12~ .1946 
Place of Birth: Bozeman, Montana 
Social Security No.: 563-62-0212 
EDUCATION: 
A.B. 
}I.S. 
n~. 
Theses: 
H.S. 
Ph.D. 
Geology, University of California at Santa Barbara, 
June 1969 
Geology, University of Oregon~ Eugene, Oregon, 
SeptembeT 1971 
Geology , . UniYe.r.sity .cf .llt..ago , Dunad.in , New. .Zealand , 
May 1976 
A Study of Granitization in Northern Saskatchewan 
Structure, Petrology and Metamorphism of the Red Hountain 
Ophiolite Complex, New Zealand 
PROFESSIONAL EXPERIENCE: 
June, 1969-Sept... .1969 
Sept. 1969-June 1970 
June, 1970-Sept. 1970 
Sept. 1970-June 1971 
June 1971-Sept. 1971 
Sept. 1971-Dec. 1975 
Jan. 1976-March 1977 
~ummer Field Ceologist, Standard .Oil Co. of 
California, 6/69-9/69 
Teaching Fellow, University of Oregon, Geology 
Dept. 
NSF Summer Traineeship 
Head Teaching Fellow, University of Oregon, 
Geology Dept. 
Senior Assistant, Saskatchewan Dept. of Hineral 
Resources, Precambrian Division 
Teaching Fellow, University of Otago, Geology 
Department 
Post-doctoral Fellow, Smithsonian Institution, 
Dept. of Hineral Sciences 
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PROFESSIONAL EXPERIENCE: 
Nov. 1976-Jan, 1977 
1977-Present 
May 1977-Ju1y 1981 
May 1979-June 1979 
July 1980 
July 1981-hesent 
April 1982 
April 1983 
SOCIETIES: 
Sinton-2 
(Contd.) 
Shipboard Scientist with Deep Sea Drilling Project 
aboard GLOMAR CHALLENGER Leg 51 
Research Associate, Smithsonian Institution 
Assistant Professor, Geology and Geophysics Dept. 
and Hawaii Institute of Geophysics, University 
of Ravaii, 
Co-chief Scientist: R/V KANA KEOKI, Cruise KK78-
12, Leg 05, Galapagos Ridge 
Chief Scientist: R/V KANA KEOKI, Cruise KK80-07, 
Musicians Seamounts, 
.Asao.ciau Prc£assor, GeolDgy _and Geo-physics Dept. 
md lhlwaii ~titute a£ ~hysics, University 
of Ravaii 
Shipboard Scientist, R/V XANA KEOKI, Cruise KK82-
03, Melanesian Borderland -
Scientific Observer, Research Submersible MAKALII, 
Dives 83-157 and 83-159. 
American Geophysical Union 
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APPENDIX D 
PUBLIC REQUEST FOR INFORMATION 
LEGAL NOTICE 
PUBLIC NOTICE 
REQUEST FOR GEOTHERMAL 
RESOURCE INFORMATION 
The Department of Land and Natural Resources 
is in the process of assessing geothermal resource 
development areas in the State of Hawaii as man-
dated by Act 296, SLH 1983. In order to maximize 
the base of available information, the Department 
invites any person or organization to submit any 
pertinent information to assist in the assessment. 
Information may include, but need not be 
limited to: 
(l) Areas with geothermal resource development 
potential to develop electrical energy. 
(2) Geologic hazards that may be encountered in 
geothermal resource development. 
(3) Social or community imp;jcts that may arise 
from geothermal resource development. 
(4) Economic impacts that may result from geo-
thermal resource development. 
(5) Environmental impacts that may be encounter-
ed from geothermal resource development. 
(6) Any other. related information that may be 
considered in the subzoning of geothermal re-
source development areas. 
The information should be sent to the Division 
of Water and Land Development, Department of 
Land and Natural Resources, P.O. Box 373, Hono-
lulu, Hawaii 96809, or delivered to the Division of 
Water and Land Development office at 1151 
Punchbowl Street, Room 227, Kalanimoku Build· 
ing, Honolulu, Hawaii, by May 21, 1984. 
BOARD OF LAND & 
NATURAL RESOURCES 
SUSUMU ONO 
Chairperson of the Board 
Dated: April 10, 1984 
(S.B.: Apr. 16, 18, 1984) (SB-5279) 
D-3 
ENVIRONMENTAL IMPACT ANALYSIS 
OF 
POTENTIAL GEOTHERMAL RESOURCE AREAS 
Circular C-106 
State of Hawaii 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
Division of Water and Land Development 
EXHIBIT NO. 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
DESCRIPTION 
Circular C-100, Geothermal Resource Developments 
Circular C-97, Plan of Study for Designating 
Geothermal Resource Subzones 
Circular C-98, Assessment of Available Information 
Relating to Geothermal Resources in Hawaii 
Circular C-103, Statewide Geothermal Resource 
Assessment 
Circular C-99, Public Participation and Information 
Program for Designating Geothermal Resource 
Sub zones 
Circular C-104, Social Impact Analysis of Potential 
Geothermal Resource Areas 
Circular C-105, Economic Impact Analysis of 
Potential Geothermal Resource Areas 
Circular C-106, Environmental Impact Analysis of 
Potential Geothermal Resource Areas 
Circular C-108, Geothermal Technology 
Circular C-107, Geologic Hazards Impact Analysis 
of Potential Geothermal Resource Areas 
Proposal for Designating Geothermal Resource 
Subzones by the Board of Land and Natural 
Resources 
A Report on Geothermal Resource Subzones for 
Designation by the Board of Land and Natural 
Resources 
Dated: Honolulu, Hawaii, December 7, 1984 
Manager-Chief Engineer 
-· 
BOARD OF LAND AND NATURAL RESOURCES 
STATE OF HAWAII 
In the Matter of the 
Designation of Kahaualea, 
Puna, Hawaii 
as a Geothermal Subzone 
) G.S. No. 8/27/84-1 
) 
) 
) 
) 
) 
_________________________ ) 
EXHIBIT NO. 
1-A 
1-B 
1-C 
1-D 
1-E 
1-F 
1-G 
1-H 
2-A 
2-B 
2-C 
2-D 
2-E 
2-F 
2-G 
EXHIBIT LIST 
DESCRIPTION 
Highlights of Act 296, SLH 1983 
Assessment Factors 
Highlights of Act 151, SLH 1984 
Technical Committee 
Geothermal Resource Assessment 
Examination of Concerns: (Social, Economic, 
Environmental, Hazards and Compatibility) 
Hawaii State Planning Act, Chapter 226 
Kilauea Upper East Rift: Assessment Factors 
Potential Geothermal Resource Areas 
Kilauea Upper East Rift: State Land Use Zoning 
Map 
Kilauea Upper East Rift: Land Ownership Map 
Kilauea Upper East Rift: Lava Flows Map 
Kilauea Upper East Rift: Vegetation Map 
Kilauea Upper East Rift: Essential Endangered 
Species Habitat Map 
Kilauea Upper East Rift: Rainfall Data Map 
ENVIRON1,1ENT AL !~!PACT ANALYSIS 
OF 
POTENTIAL GEOTHERMAL RESOURCE AREAS 
Circular C-106 
State of Hawaii 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
Division of Water and Land Development 
Honolulu, Hawaii 
October 1984 
GEORGE R. ARIYOSHI 
Governor 
BOARD OF LAND AND NATURAL RESOURCES 
SUS UMU ONO, Chairperson, Member at Large 
ROLAND H. HIGASHI, Hawaii Member 
THOMAS S. YAGI, !VJaui Member 
J. DOUGLAS ING, Oahu Member 
MOSES W. KEALOHA, Member at Large 
LEONARD H. ZALOPANY, Kauai Member 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
SUSUMU ONO, Chairperson and Member 
Board of Land and Natural Resources 
EDGAR A. HAMASU, Deputy to the Chairperson 
ROBERT T. CHUCK, Manager-Chief Engineer 
Division of Water and Land Development 
ii 
PREFACE 
Act 296, Session Laws of Hawaii 1983, as amended by Act 151, 
SLH 1984, requires that the Board of Land and Natural Resources 
examine various factors when designating subzone areas for the 
exploration, development, and production of geothermal resources. 
These factors include potential for production, prospects for 
utilization, geologic hazards, social and environmental impacts, land 
use compatibility, and economic benefits. The Department of Land and 
Natural Resources has prepared a series of reports which address each 
of the subzone designation factors. This report analyzes the major 
environmental impacts that may result from geothermal development. 
Impacts include risks to people and property as well as wildlife and 
plant life. The effect of various natural factors such as wind and rain 
are included. Land use compatibility and impact mitigation measures 
are also described. 
Preparation of this report was coordinated by Sherrie Samuels, 
Planner, with the assistance and under the general direction of l\ilanabu 
Tagomori, Chief Water Resources and Flood Control Engineer, Division 
of Water and Land Development (DOWALD), Department of Land and 
Nat ural Resources. 
DOWALD staff members, engineers George Matsumoto, Thomas 
Nakama, and Neal lmada, and geologists Daniel Lum and Ed Sakoda, 
have made significant contributions throughout this report. Paul 
Haraguchi of Pacific Weather, Inc. prepared the section on meterology 
and Lee Hannah of the University of Hawaii Environmental Center 
prepared the section on flora and fauna. 
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SUMMARY 
This report addresses potential environmental impacts to flora and 
fauna, surface and ground water resources, ambient air quality, and 
ambient noise levels, historical and archaeological resources, and 
scenic and aesthetic values. The characteristics and effects of local 
and regional meteorology are also considered. 
The compatibility of geothermal development with existing land 
uses and zoning is examined. Evaluation of each resource area pro-
vides the conclusion of the study. 
Meteorology. Meteorology, in general, and winds, in particular, 
are very important in geothermal operations because of their effect on 
emissions and noise. While tradewinds are prevalent, both tradewind 
temperature inversions and ground temperature inversions affect the 
movement of air in and over geothermal resource areas. 
Flora and Fauna. One of the more serious environmental impacts 
is the potential disruption of native forest ecosyste!'ls. Two indicators 
were used to assess impact--native habitat importance and forest 
quality. Native habitat importance was defined by the presence of 
endangered species since this factor correlates well with the value of 
an area to native fauna in general. The relative value of a native 
forest was assessed using a three-part categorization system based on 
the percent of canopy provided and the quality of native forest 
present,_ the assumption being that undisturbed closed canopy, native 
forest would be the most susceptible to disruption by geothermal 
development. 
Of Hawaii's seven plant species which are formally listed as 
endangered, only one, Hawaiian vetch, was found in a geothermal 
resource area. The presence of an endangered species was used as an 
indicator of environmental sensitivity. Protection of other rare native 
plants, not listed as endangered, is to be undertaken on a case by 
case basis in siting geothermal facilities in the future. 
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Surface Waters. Environmental impacts to surface waters 
resulting from geothermal development are expected to be minimal. 
None of the geothermal resource areas contain perennial streams and 
geothermal fluids will be disposed of by reinjection. 
Groundwater. Groundwater occurs as perched, dike and basal 
water in geothermal resource areas. Groundwater resources will not 
be effected since geothermal wells are drilled past groundwater 
aquifers and well casings are set and cemented through a competent 
subsurface formation below the basal water lens. All drilling, casing 
installation, maintenance and abandonment of geothermal wells and 
reinjection wells will be regulated and monitored to protect the 
groundwater aquifer. 
Air Quality. The assessment of air quality impacts resulting from 
geothermal development required examination of ambient air quality 
along active rift zones, emissions from geothermal wells and power 
plants and the current level of geothermal emission abatement 
technology. 
Geothermal developments in Hawaii will be required to have 
abatement systems that meet the proposed State Department of Health 
air quality standards. At present, the recommended H2S abatement 
system, the Stretford System, is capable of removing over 99% of the 
H2S contained in the non-condensable gases. Use of this system would 
enable facilities to comply with the proposed air quality standards that 
require 98% of the H2S present to be removed. 
It should be noted that due to the sulfur content of fuel oil, 
oil-fired power plants may emit at least ten times more sulfur dioxide 
per megawatt-hour than would a geothermal power plant. Therefore, 
replacement of oil-fired power plants with geothermal power plants may 
reduce the overall impact to the environment and air quality. 
Historic and Archaeological Values. Geothermal development may 
potentially degrade remaining cultural and archaeological values by site 
clearing and facility construction. Literature searches, plotting of 
known sites and on-site archaeological reconnaissance surveys should 
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be utilized to assess potential impacts; adjustment of facility siting to 
avoid archaeologically sensitive areas will mitigate potential impacts. 
Noise. During the initial phases of geothermal development 
persons in the vicinity of a geothermal facility construction site will be 
exposed to noise levels varying from 40 to 120 decibels depending upon 
the distance from the site. High noise levels are produced by well 
drilling, production testing and well bleeding before connection to the 
generator. Use of accoustical baffling and rock mufflers will 
effectively muffle noise. Construction of rock muffler at the existing 
HGP-A well has reduced noise level to 44 decibels at the facility fence 
line. 
Compliance with County of Hawaii noise guidelines will limit noise 
levels for geothermal activities to 45 decibels at night and 55 decibels 
during the day. 
Scenic and Aesthetic Values. Most geothermal resource areas are 
located in remote, often heavily forested areas, however in some areas, 
development of geothermal facilities may result in visual intrusions 
depending on an observer's view point. Site clearing, temporary 
presence of drilling rigs, permanent power plant structures with 50-60 
foot high cooling towers, fluid transmission lines, electrical 
transmission lines, and periodic steam plumes above the development 
site are possible sources of visual intrusions. Appropriate mitigation 
measures may help to minimize visual impacts, however, some impacts 
such as steam plumes will remain. 
Land Use Zoning, Existing Land Uses and Land Use Compatibility. 
Act 296, in addressing the designation of geothermal resource 
subzones, requires assessment of each geothermal resource area by an 
examination of various factors including the compatibility of geothermal 
development and potential related industries with present uses of 
surrounding land and those uses permitted under Section 205-2 Hawaii 
Revised Statues, relating to State Land Use Districts, Section 183-41, 
HRS, relating specifically to Conservation Districts, and all uses 
permitted under County general plans or land use policies. 
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Act 296 also allows geothermal resource subzones to be designated 
within any of the four state land use districts established under 
Section 205-2 of the Hawaii Revised Statutes. As such, geothermal 
facilities could be located adjacent to any of the land uses existing or 
permitted in the four state land use districts. 
The State Land Use Districts found in each of the potential 
geothermal resource rift zones are: 
Kilauea East Rift Zone - Conservation, agricultural, and urban 
districts. 
Kilauea Southwest Rift Zone - Conservation, agricultural, and 
urban districts. 
r.launa Loa Southwest Rift Zone - Conservation and agricultural 
districts. 
~launa Loa Northeast Rift Zone - Conservation and agricultural 
districts. 
Hualalai Northwest Rift Zone - Conservation and agricultural 
districts. 
Haleakala Southwest Rift Zone - Conservation and agricultural 
districts. 
Haleakala East Rift Zone - Conservation, agricultural, urban, and 
rural districts. 
Actual land uses in geothermal resource areas although 
characteristic of their respective zoning, may vary considerably. As 
noted above, most geothermal resource areas contain conservation 
zoned land that includes forest reserve, national and state parks, 
other forested areas, brush and grass lands, and barren lava flows. 
Often conservation zoned lands provide habitat for native and rare or 
endangered species as well as hunting area, and watershed lands. 
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Potential subzone areas zoned agricultural are used mostly for 
livestock grazing. 
Rural areas are characterized by low density residential uses on 
one-half acre lots and are often intermixed with small farms. 
Urban areas include residential and commercial uses. 
Some negative aspects, such as visual intrusions, are expected in 
developing geothermal resources; however, proper mitigation of 
undesirable characteristics can achieve greater compatibility. 
In each resource area, both positive and negative aspects and 
possible mitigation were considered in assessing land use compatibility. 
Evaluation of Impacts in Potential Geothermal Resource Areas 
Evaluation of impacts was accomplished by reviewing available 
information for each geothermal resource area. Information on local 
meteorology, surface and ground water, underground injection control 
areas, existing land use and zoning, flora and fauna, historic and 
archaeological sites was systematically mapped and each area evaluated 
in terms of anticipated environmental impact. 
Lower Kilauea East Rift Zone: 
Development of geothermal resources in the Lower East Rift Zone 
has been underway since 1973-74 with the issuing of geothermal 
resource mining leases for four areas, designated GRML R-1, R-2, 
R-3, and R-4. Development of additional sites in the Lower East Rift 
zone will not impact any essential endangered species habitat, but may 
impact existing communities in terms of noise and aesthetics. The 
provision of a buffer zone will help to mitigate such impacts. Air 
Quality will not be impacted, since it is expected that given current 
level of abatement technology, geothermal facilities will comply with 
State Air Quality standards for geothermal development. 
Upper Kilauea East Rift Zone: 
Development of geothermal resources in the Kilauea Upper East 
Rift zone will be limited to areas outside the Hawaii Volcanoes National 
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Park. Air quality within surrounding areas will not be impacted given 
the current level of abatement technology. 
Site development may impact endangered o'u habitat; however, as 
stated in the Kahauale'a Environment Impact Stater.1ent (June 1082), 
"the minimal removal of vegetation and trees within the Kahauale'a 
project area should not significantly threaten the O'u." 
Kilauea Southwest Rift Zone: 
Development of geothermal resources in portions of the Kilauea 
Southwest Rift Zone, outside the National Park, would probably result 
in minimal environmental impact. 
Development proximity to the Pahala and Punaluu communities may 
result in aesthetic impacts, however, air quality will not be impacted. 
~1auna Loa Northeast Rift Zone (Kulani): 
Development of a geothermal resource in areas other than the 
cleared grazed agricultural area in this rift zone may impact the four 
endangered forest bird species and the Nene by disturbing essential 
habitat areas. 
rJauna Loa Southwest Rift Zone (Kahuku Ranch): 
Development of geothermal resources in the lower, 
agricultural-zoned portion of the proposed subzone may result in 
minimal environmental impact provided a buffer area is maintained 
between the geothermal development site and the Hawaiian Ocean View 
Estates. 
Hualalai Northwest Rift Zone: 
Development of geothermal resource in areas other than the 
grazed agricultural zoned portion of the subzone may impact the 
endangered species known to exist within the rift zone area. Alala, 
the Hawaiian Crow, is reported to number fewer than 20 individuals. 
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Disturbance of their Hualalai habitat may cause further decline of this 
species, or its extinction. 
Haleakala Southwest Rift Zone: 
Development of geothermal resources within the grazed agricul-
tural zoned portions of the rift zone will result in minimal impact to 
fauna since no endangered species habitat is present. 
Proximity to the Makena residential and resort development, 
Ulupalakua Ranch and upslope, the Haleakala "Science City" may be 
affected aesthetically. Air quality in urbanized areas will not be 
impacted since it is expected, given the current level of technology, 
that all air quality impacts will be abated so as to comply with State 
Air Quality standards for geothermal resource development. 
llaleakala East Rift Zone: 
Development of a geotherr.1al resource in the Haleakala East Rift 
Zone in areas other than the grazed agricultural lands below the 
1000-foot level may impact native forest bird habitat and above 4200 
feet, endangered forest bird habitat. However, development of a 
geothermal resource below the 1000-foot level in grazed agricultural 
land could place a geothermal well and power plant as close as 7000 
feet from the center of Hana Town. Quite clearly, the rural lifestyle 
of the Hana Community would be affected. 
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INTRODUCTION 
Act 296, Session Laws of Hawaii 1983, requires that environmental 
impacts be considered when the Board of Land and Natural Resources 
designates subzone areas for the development of geothermal resources. 
This report addresses the major environmental impacts that are likely 
to result from geothermal development. 
Environmental impacts are described generally; the effects of 
various natural factors such as wind and rain are included. Impacts 
include risks to people and property as well as to wildlife and plant 
life. Impact mitigation is also described and each resource area is 
evaluated. 
METEOROLOGY: DESCRIPTION AND EFFECT 
Climatological elements deemed important in 
environmental impact in geothermal rift zones include 
assessing 
rainfall, 
temperature, winds, trade wind inversions, and ground temperature 
inversions. Cloudiness, solar radiation, and relative radiation are not 
considered important elements in geothermal development and in Hawaii 
data for these factors are not available for areas within rift zones. 
AIR TEMPERATURE 
Air temperature decreases by approximately 3 ° F for each 1, 000 
feet rise in elevation in the Hawaiian Islands. This relationship is 
seen in Figure 1 where the heavy slanted line (towards the left or 
colder temperature) has a decrease in temperature of 3°F per 1,000 
feet elevation rise. The horizontal lines represent the range of the 
average maximum and minimum temperatures at the different locations. 
For example, Haleakala Rangers Station at 7, 030 feet elevation has a 
minimum temperature of 44°F and a maximum temperature of 63°F. 
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WINDS 
The winds in the Hawaiian Islands are very important in 
geothermal operation because of their effect on emissions and noise. 
The most common winds over the Hawaiian Islands are the trade winds 
from the east which account for about 70% of the winds in the Islands. 
Figures 2a and 2b show the mean pressure and wind flow of the Pacific 
Anticyclone in the Eastern and Central North Pacific for January and 
July, the months representing the opposite seasons for winter and 
summer. The mean charts show the dominance of the high and 
outflowing trades in the Eastern and Central North Pacific especially in 
the summer. The mean trade wind pattern is a smooth version of the 
actual happenings. At any given time, the wind flow is not as static 
as it appears in the mean charts because the high, the source of the 
trades, is not as static, especially in the winter. 
Over the Hawaiian Islands, the trades prevail over 90% of the time 
from June through August and only 40 to 60% of the time from January 
through March. During summer, the trade winds can persist through 
an entire month while during winter trade winds are sometimes absent 
almost an entire month. The reason for the high frequency of the 
trade winds during the summer is that the Islands are in the belt of 
the almost persistent trade winds from the Pacific Anticyclone. During 
winter, the mean position of the high is further south of the 
summertime position and the high is not as strong or as persistent. 
Interruptions in the trades over the Islands are much more frequent in 
winter than summer with the intrusions of low pressure systems 
displacing the high pressure area from the Islands or the high 
pressure area moves far away from the Islands. These are the times 
that non-trade winds mainly in the form of light and variable winds or 
light southerly winds occur in the Islands. 
Winds over the rift zones are explained with limited data. There 
are a few wind summaries in or near the rift zones which were used 
but the main source of the material for the wind discussion was the 
knowledge of the behavior of the trade winds and the theory of the 
sea breeze and mountain breeze (local upslope and downslope winds). 
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Earlier written articles by others were also utilized in the formulation 
of the wind patterns over the rift zones. 
TRADE WIND TEMPERATURE INVERSION 
A temperature inversion is a layer in the atmosphere in which the 
air warms with increase in altitude which is the inverse of the normal 
temperature decrease through the atmosphere. Figure 3a shows an 
example of the vertical air temperature profile with a temperature 
inversion at 6, 000 feet altitude. 
The trade wind temperature inversion occurs about 70% of the 
time over the Hawaiian Islands caused by the sinking of the air at the 
level of the inversion from the high pressure area north of the 
Islands. The trade wind temperature inversion is generally persistent 
in space and time when it occurs. Its mean height above sea level is 
between 6,000 and 8,000 feet. Normally, it ranges in height between 
5, 000 and 9, 000 feet. It occurs more often during the summer months 
than during the winter months. Its strength as measured by the 
temperature increase in the layer of the inversion from its base to its 
top, varies from no temperature increase through the layer to an 
increase of several degrees (°F) through the layer. The trade wind 
temperature inversion can be measured twice a day (2:00 am and 
2:00 pm) in the radiosonde data at Hila and Lihue Airports by the 
National Weather Service. 
GROUND TEMPERATURE INVERSION 
The cooler drainage air from the mountain tops flowing down the 
slopes and the radiational cooling of the ground at night can produce 
temperature inversion over some of the rift zones (Fig. 3b). The 
strength of this inversion in temperature is probably only a few 
degrees (°F) increase in temperature through a shallow layer of a few 
hundred feet. The inversion will break down by the heating of the 
land by the sun in the morning. The important conditions for the 
formation of the ground temperature inversion are: 
1. clear night and few or no low cloud cover 
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2. low or no winds 
3. stable atmosphere 
4. cool air draining down from the higher slopes 
The conditions that are against the formation of the ground 
temperature inversion are: 
1. overcast low clouds 
2. windy conditions 
3. unstable atmospheric conditions, rain 
4 . no drainage wind flow 
FLORA AND FAUNA 
One of the most serious potential impacts of geothermal energy 
development in Hawaii is the disruption of native forest. Air pollution 
and groundwater impacts of geothermal development may be 
substantially avoided by requiring full control technologies; impact on 
native forest ecosystems can be mitigated through careful siting (EPA, 
197 8) . Siting to avoid damage to biologically valuable forest can 
prevent both degradation of the forest due to invasion of weed species 
and disturbance of native bird species due to human activity and 
noise. 
Native forests are particularly vulnerable to invasion by exotic 
species along roadways or other cleared areas (Carlquist, 1970). Once 
(/ : 
such a5 invasion begins, native forest is gradually altered, and 
non-native species, which initially invaded along relatively narrow 
corridors, spread and multiply (Corn, 1984). Major geothermal 
development, with an attendant network of roads and construction 
corridors, may be expected to dissect and eventually degrade 
undisturbed native forest by opening it to invasions by weedy species. 
Geothermal development may also be expected to have negative 
impact on native forest birds, including many which are endangered. 
Construction noise and human activity are factors which favor urban 
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nuisance species over native forest species (Berger, 1972). It is 
therefore important to consider the habitat of native bird species, 
particularly those which are endangered, in assessing the impact of 
geothermal energy development. Any development within the habitat of 
native birds will have potential environmental impact and should be 
fully investigated and mitigation measures implemented. 
In selecting areas in which geothermal development will have the 
least environmental impact, it is therefore useful to assess both forest 
quality and native bird habitat. Those areas with mature native forest 
and significant native bird habitat will tend to be the most environ-
mentally important, while those without native bird habitat and with 
less intact forest will be substantially less impacted. For this study, 
two indicators were used to distinguish, on a broad scale, areas of 
high and low potential environmental impact. The indicators chosen 
were native habitat importance and forest quality. 
The indicator chosen to depict the value of an area to native 
fauna is the 
circumstances 
unacceptably 
presence 
a simple 
superficial 
of endangered 
for 
species. While under some 
endangered species is an survey 
form of environmental assessment, in the 
present situation the presence of endangered species correlates quite 
well with the value of the area to native fauna in general. R2lative 
value of native forest has been assessed using a categorization system 
developed by the University of Hawaii Environmental Center based on 
forest type mapping done by the United States Fish and Wildlife 
Services (Jacobi, 1983). This system indicates areas in which 
geothermal development would have the greatest environmental impact, 
areas in which geothermal development would have little or no impact 
on valuable native forest, and areas in which the impact of geothermal 
development on native forest is uncertain. Map overlays were 
prepared to illustrate the distribution and intersection of essential 
habitat and forest quality factors. 
Endangered species habitat was considered present wherever 
essential habitat outlined in an approved Endangered Species Recovery 
Plan existed. Endangered Species Recovery Plans are plans of action 
for restoring the population of a species pursuant to its listing as 
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endangered by the Secretary of the Interior. Recovery plans are 
drafted by teams of wildlife experts from both state and federal 
agencies, and represent estimates of the range and life requirements of 
endangered species by the foremost experts in the field. Essential 
habitat outlined in an Endangered Species Recovery Plan is therefore 
almost without exception the most authoritative estimate of the actual 
habitat for a particular endangered species. Where no essential 
habitat has been designated, distribution was determined from 
population surveys conducted by the U.S. Fish and Wildlife Service or 
other available information (Scott, 1984). Essential habitats have been 
defined for all endangered forest birds and the Hawaiian Crow (Alala) 
on the island of Hawaii and for the Nene on both Maui and the Big 
Island. Essential habitat has not been determined for the endangered 
Maui forest birds, and therefore U.S. Fish and Wildlife Service 
population counts were used to determine habitat boundaries for these 
species. 
The potential for environmental impact on the flora of the 
resource areas was assessed using a forest categorization system based, 
on U.S. Fish and Wildlife Service vegetation type mapping. The U.S. 
Fish and Wildlife Service system incorporates information on extent of 
canopy cover, height of canopy, understory composition, and 
vegetation association type (Jacobi, 1983). Vegetation information has 
been assembled and mapped by the Service using this system for large 
portions of four of the five main Hawaiian islands, including Maui and 
Hawaii. Information in this form was available for all or portions of 
each of the resource areas. Areas not covered were lower Hana, lower 
Makena, Kilauea S. W. Rift, and Lower Puna. In these areas aerial 
photo interpretation was used to estimate vegetation type, and in high 
resource potential areas this aerial interpretation was verified on the 
ground from readily accessible roadways wherever possible. Lack of 
access routes made ground verification for the Kilauea S. IV. Rift site 
impractical. The boundaries delineated on the aerial photographs were 
transferred to orthophoto quadrangles and assigned a vegetation type 
code following the USFWS system (Jacobi, 1983). Vegetation type data 
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was then ranked according to potential for impact from geothermal 
development into one of three categories described below. 
FLORA 
Vegetation type data from U.S. Fish and Wildlife Service mapping 
or the present study were abstracted into a simplified, three category 
impact sensitivity classification system (see appendix A). The three 
categories of this system, which was developed by the University of 
Hawaii Environmental Center, and based on the assumption that 
undisturbed, closed canopy forest would be most susceptible to 
disruption due to geothermal development, are as follows: 
CATEGORY 1 - Exceptional native forest; 
closed canopy, over 90% native cover 
CATEGORY 2 - Mature native forest; 
over 75% native canopy 
CATEGORY 2A - Native scrub or low forest 
CATEGORY 3 - Cleared land; non-native forest; 
bare ground or lava 
In this system, Category 1 forests are presumed to be areas in 
which geothermal development would unquestionably result in environ-
mental impact, and Category 3 lands presumed to be areas in which 
geothermal development would have little or no impact. Category 1 
forest is vulnerable because of its high native composition, which 
indicates that it is virtually undisturbed, and because of its closed 
canopy, which indicates that 
changes in forest structure. 
little biological value owing 
percentage of ground cover. 
any development activity would result in 
Category 3 lands are assumed to be of 
to high degrees of disturbance or low 
Category 2 is comprised of areas which 
did not meet the rigorous standards of Category 1, but are not so 
heavily disturbed or sparsely vegetated that it can be assumed that 
development would not result in environmental impact. Category 2A 
represents areas in which the vegetation is predominantly native, but 
the tree layer is low and scattered and does not warrant the 
designation of forest. In wet forests, Category 2A vegetation is a 
sign of disturbance, but in dry regimes, particularly at altitude or 
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along the coast, it is a healthy native ecotype. Both Category 2 and 
2A are then classifications which convey that additional information is 
needed before it can be assumed that geothermal development would 
have little environmental impact. 
The additional information needed to assess the biologic value of 
Category 2 forest pertains to forest diversity and the presence of rare 
plants. These factors were not included in the present assessment 
because this information is not available in any comprehensive form on 
such a broad scale. Information on species diversity is similarly 
unavailable in any readily accessible form. Because of these limitations 
of information availability, it is difficult to arrive at an objective 
classification for potential for impact by geothermal development for 
many forest types. There are unquestionably many excellent forest 
areas that have been placed in Category 2 because they fell just short 
of 90% native composition. There are equally certainly 
Category 2 which are of little biological interest. 
areas assigned 
Within these 
extremes, the majority of Category 2 forests are areas for which the 
USFWS vegetation type code tells only a part of the story, and 
diversity and rare plant information is required to discern the exact 
value and vulnerability to disturbance of the area. In the absence of 
a compelling reason to develop these areas, a reasonable assumption is 
that they are valuable and should not be disturbed. Where there is 
compelling reason to consider development, field reconnaissance of 
individual areas will be required to determine what, if any, level of 
environmental impact would result from development. Similar con-
siderations apply to Category 2A areas. Vegetation types are assigned 
to Category 2A based on growth form, not biological value or environ-
mental impact considerations. However, it may be worthwhile to 
emphasize that in wet areas at intermediate elevations, Category 2A 
usually represents a disturbed area or recent lava flow. 
In summary, Category 1 areas are those in which substantial 
environmental impact can be expected to result from geothermal 
development, Category 2 and 2A areas are those in which geothermal 
development should be assumed to result in environmental impact in the 
absence of additional information, and Category 3 areas are those in 
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which geothermal development may be expected to have little or no 
environmental impact. 
Clearly the environmental advantage lies in developing within 
Category 3 areas. It is also worthwhile to note that environmental 
impact, especially on native forest birds, may result from development 
immediately adjacent to Category 2 areas or endangered species 
habitat, even if the site is Category 3, if it is in close enough 
proximity for noise or pollution to carry to the forest. In these 
instances, buffer zones can be utilized to mitigate any impact which 
may occur. 
Rare Plants 
Of Hawaii's seven plant species which are formally listed as 
endangered, only one, the Hawaiian vetch (Vida menziesii) is found 
within the resource areas (see Figure 4). However, Hawaii has 
numerous rare plants, over 800 of which have been proposed for 
listing as endangered. Undoubtedly many of these candidate species 
may be found within the resource areas. For example, the endemic 
Hawaiian fern, Adenophorus periens, is known to be present in the 
Kahauale'a section of the Kilauea East Rift Zone. 
Currently available information on rare species does not permit a 
comprehensive inventory of these species and their location, and 
therefore has not been addressed in this study. Protection of rare 
plant species will have to be undertaken on a project-by-project basis, 
where botanical surveys of specific areas being considered for 
development are possible. The forest categories presented in this 
study do not relate to endangered plant species presence. It should 
not be assumed that Category 3 areas will contain no rare plant 
individuals. Isolated rare native species are not uncommonly found in 
disturbed, non-native surroundings. Such individuals should be 
identified and protected, but the scope of the present study precluded 
such detailed analysis. Areas with high concentrations of rare plants 
are biologically valuable, and the presence of rare plants is one 
criteria which should be used in determining the potential impact of 
geothermal development in Category 2 areas. For example, the 
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Category 2 forests in the southwest quarter of the Mauna Loa East Rift 
area are the home range of Vicia menziesii and should therefore be 
considered very sensitive to environmental impacts, despite the fact 
that the forest type alone does not warrant ranking them in Category 
1. Other areas such as this definitely exist within Category 2, and 
this is one reason why it is important to more completely characterize 
these areas before their sensitivity to impact is assigned. 
FAUNA 
Forest birds found in the resource areas include the l'iwi, 
A papane, Elepaio, and others. The specific native forest birds 
present at a site are not as important as the relative value of the area 
as native bird habitat in general. ~lost native birds share habitat to 
some degree, and it is this characteristic which permits use of the 
existence of endangered bird habitat as an index of overall native bird 
habitat value. Because the list of native birds in the resource areas 
is long, discussion here will focus only on the endangered fauna found 
in the resource areas. 
Federally designated threatened or endangered fauna within the 
resource areas include seven forest bird species, two seabird species, 
the Nene, the Hawaiian Hawk (lo) and Crow (Alala), and Hawaii's only 
resident mammal, the Hawaiian Hoary Bat. These species and their 
treatment in the resource area overlays are outlined below. 
'Alala (Corvus tropicus) - One of the most critically endangered 
species in the United States. Population estimate 10-50 birds in 
the wild. Last field census reported 7 birds. Essential habitat 
identified, intersects majority of Hualalai resource area and flanks 
Kahuku Ranch resource areas (DLNR, 1984). 
Hawaii Forest Birds - Includes the Hawaii Creeper (Loxops maculatus 
mana), Hawaii 'Akepa (Loxogs coccineus coccineus), Akiapola1au 
(Heiiiignathus wilsoni), and01u (Psittirostra psittacea). All are 
moderately endangered, with populations in the high 100's or 
above, except the 'O'u, which is relatively rare and has a much 
smaller population. Essential habitat common to all four species 
has been identified, and intersects all of the East Mauna Loa Rift 
area, most of Hualalai and Upper Puna, and flanks Kahuku Ranch 
( USFWS, 1982). 
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Maui Forest Birds - Includes Crested Honeycreeper (Palmeria dolei), 
Maui 'Akepa (Loxops coccineus) , Maui Parrot bill ( Pseudonestor 
xanthophrys) . Essential habitat not yet identified. Distnbut10n 
determmed by USFWS, intersects upper Hana (Scott, 1984). 
Nene (Branta sandwicensis) - Moderately endangered, maintained by 
captive breeding. Essential habitat identified, intersects all of 
East Mauna Loa Rift, most of Hualalai, and the upper elevations 
of Kahuku Ranch (USFWS, 1983). An upland bird adapted to 
sparse vegetation the Nene may be less sensitive to the presence 
of geothermal development than other native birds. 
Hawaiian Hawk (Buteo solitarius) - Relatively common over a wide 
range. No essential habitat established. Known nesting sites 
established by USFWS lie mainly in Lower Puna and East Mauna 
Loa Rift, but nesting observations are far from exhaustive and lie 
mainly along roadways and other accessible areas (Griffin, 1984). 
Hawaiian Dark-Rumped Petrel (Pterodroma phaeopygia sandwichensis) -
Primary nesting colonies on Maui, outside of resource areas. Also 
observed within Napau Crater in Volcanoes National Park (USFWS, 
1983). 
Hawaiian Hoary Bat (Lasiurus cinereus semotus) - A poorly charac-
terized species (Kepler and Scott, 1980). No know roosting sites 
within resource areas. Most frequently observed in non-native 
vegetation. Impact of development on foraging habitat uncertain, 
possibly minimal. 
Newell's Manx Shearwater (Puffinu puffinus newelli) - Classified as 
threatened. No known nestmg colomes within resource areas. 
May occasion Upper Puna and East ~launa Loa Rift (Jacobi, 1984). 
Impact of development uncertain, may be minimal. 
Figure 5 provides sketches for reference for the species named 
above. 
Invertebrates 
Rare invertebrates known to exist in the resource areas include 
scientifically important fruit fl,js (giant Drosophila spp), tree snails 
( Partulina spp), and special care-adapted fauna residing in lava tubes. 
The giant Drosophila species, focal point of important genetic 
research, are found in the Mauna Loa East Rift and Hualalai areas, 
and at upper elevations at Hana and Kahuku Ranch (Carson, 1984). 
Tree and land snails, many of which, like other Hawaiian 
invertebrates, are found nowhere else in the world, are associated 
primarily with native forest and probably exist in all resource areas. 
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Cave-adapted fauna might be found in lava tubes underlying any 
resource area, but are known to exist in Mauna Loa East Rift and 
Kilauea East Rift. These lava tube ecosystems are dependent on intact 
penetrating ohia root systems for their moisture supply, and are 
vulnerable to any development which results in forest clearing. While 
invertebrate species often receive less attention than vertebrate fauna, 
they comprise an important part of native ecosystems. Impacts on 
these species may be largely avoided by avoiding siting in native 
forest areas. 
SURFACE WATER IMPACT 
Geothermal development activities should not directly affect 
of<* ~~sJa since there are no surface streams located in the 
~ areas. While drilling and construction phases of 
geothermal development may be a cause of concern, little or no 
environmental impacts are expected. However, if surface water 
becomes available, accidental pollution of streams should be prevented 
by use of adequate and safe disposal methods of geothermal brine. 
Following initial development of the geothermal resources, the 
production of potentially valuable associated geothermal products--
demineralized water and mineral salts--could have beneficial 
environmental consequences. From a resource point of view, their 
development is desirable and should be considered. However, then 
recovery and production of byproduct mineral salts from geothermal 
brines is not economically feasible, adequate and safe disposal by 
reinjection will be utilized. 
Almost all geothermal fluids have a total dissolved solids con tent 
greater than 1000 ppm, and their indiscriminate discharge into 
streams, ponds, and watersheds should not be allowed. The normal 
disposal practice is expected to be by reinjection. In some cases it is 
possible that byproduct fluids may be of satisfactory quality to be 
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disposed of without treatment. Surface disposal, in these case, could 
be allowed under controlled conditions. 
Environmental impacts on surface waters resulting from the 
development of geothermal resources in the prospective geothermal 
subzones are expected to be minimal. None of the subzones under 
consideration contains perennial streams. One, the Haleakala East Rift 
Zone in Maui, contains a small intermittent stream and the headwaters 
of several other intermittent streams that exit the subzone at their 
upper reaches. 
GROUNDWATER HYDROLOGY 
Ground water in the various geothermal areas may occur as 
(1) perched water, (2) dike water, and (3) basal water. 
Perched water, the least common, is water that is ponded on ash 
beds, soil formed on weathered lava, and on dense lava flows. Most 
perched water bodies are thin and show little lateral extent. The 
presence of perched water may be indicated by perched springs, 
usually found at higher elevations (Figure 6) . 
Dike water is water impounded in compartments between dikes in 
the rift zones of the volcanoes. The numerous dikes form nearly 
vertical walls that are less permeable than the masses of ordinary lava 
flows between them. In some of the dike complexes water is held 
between the dikes to a height of more than 2, 000 feet above sea level. 
Basal water occurs most commonly in the islands. The basal 
ground water body is the fresh water resting on salt water within the 
permeable rocks that make up most of the base of the islands. In the 
areas considered, ground water will not be adversely affected because 
geothermal wells are drilled past the ground water aquifer. In 
addition, surface casing will be set and cemented through a competent 
subsurface formation below the basal lens. The drilling, casing 
installation • maintenance and abandonment of all geothermal wells, 
including re-injection wells will be regulated d · 
an momtored to protect 
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the groundwater aquifer. Subsurface disposal of geothermal fluids by 
re-injection would be allowed only under controlled conditions, and 
alternate safe disposal methods should be developed. 
KILAUEA EAST RIFT ZONE 
Ground water occurs as dike water and basal water in the Kilauea 
East Rift Zone. 
Mountain View. 
The only known perched water exists north of 
Basal water underlies all of the Kilauea East Rift Zone except 
where dikes occur. Hydraulic gradients along the northeast coast of 
Puna range between 2 and 4 feet per mile, with water-table elevations 
of 12 to 18 feet above sea level 5 to 6 miles inland. Along the 
southeastern coast, gradients range between 1 and 2 feet per mile, 
with water-table elevations of 3 to 4 feet above sea level a mile and a 
half inland. The main reason for the difference in hydraulic gradients 
between the northeast and southeast coasts is the amount of rainfall 
per unit of surface area and the barrier effect of the east rift zone on 
ground water movement. The effectiveness of the east rift zone as a 
barrier to ground water movement is demonstrated by the difference in 
basal water-table levels (Figure 7). 
The only significant source of saline water that contaminates the 
basal aquifer is sea water, with a chloride content of approximately 
19,000 mg/1. Because of the effects of mixing, most ground water at 
· '~ h,..,ckish. Salinity and temperature vary greatly north 
-- --+h nf the rift zone are 
Table 6. SUMMARY OF DRAFT 
DEPARTMENT OF HEALTH ADMINIST~!~it~~S6 ADDITIONS TO 
Chapt 11 5g LES • CHAPTER 11-59 
er -4, Ambient Air Quality Standards: 
o rule limits the tim 
dispersed or susp!n~:~rai·ngetdh conceb?trati<?n of specified polluants 
e am Ient rur. 
o limiting concentrations for a twelve-month 
year shall not be exceeded. period or a calendar 
o limiting concentrations for on"-h""" ~'-'-• ._ 
- ---' . 
• 
Section 11-60-23.2 defines 
standards for hydrogen sulfide. 
geothermal power plants and sets 
Hydrogen sulfide emissions from a 
power plant shall not exceed two pounds per one hundred pounds of 
hydrogen sulfide in the incoming geothermal resource. The maximum 
allowable increase in hydrogen sulfide concentration in the ambient air 
above natural background level shall be thirty-five micrograms per 
cubic meter as a one-hour average. The maximum allowable increase 
may be exceeded once per twelve-month period at any one location. 
Permits to construct and operate a power plant are required. 
Section 11-60-19, Prevention of Air Pollution Emergency Episodes, 
is designed to prevent excessive buildup of air contaminants during air 
pollution episodes. Episodes are classified as an air pollution alert, 
air pollution warning, or an air pollution emergency. Maximum 
concentrations for each level, alert, warning and emergency are set 
for sulfur dioxide, particulate matter, combined sulfur dioxide and 
particulate matter, carbon monoxide, ozone, nitrogen dioxide and 
hydrogen sulfide. Appendix B specifies these concentrations. 
NOISE IMPACT 
During the initial phases of geothermal development, persons in 
the vicinity of a geothermal site may be exposed to noise levels 
varying from 40 to 120 decibels, depending upon the distance from the 
well site. High noise levels are produced by well drilling, production 
testing, and well bleeding before connection to the generator. While 
most operations can be effectively muffled by acoustical baffling and 
rock mufflers, some emit unavoidable noise. 
The design standard for the HGP-A Wellhead Generator Project 
specifies that the noise level one-half mile from the well site must be 
no greater than 65 decibels. Construction of a rock muffler at the 
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facility has reduced noise levels to about 44 decibels at the fence line 
of the project (See Figure 9, Noise Characteristics at HGP-A). 
Proposed county noise guidelines are 45 decibels at night and 55 
decibels by day. It is expected that geothermal facilities will comply 
with this guideline. 
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. ' HISTORIC AND ARCHAEOLOGICAL VALUES 
Historical values, in this context, refer to the range of historical 
activities carried out by early Hawaiian residents. Archaeological 
values refer to all structures and artifacts that provide evidence of 
early habitation. 
r The Hawaiian land use concept of the ahupuaa is most useful in 
understanding the range of activities likely to have occurred within a 
rift zone area, as well as the potential for discovery of archaeological 
sites. For example, early coastal fishing villages often had inland 
agricultural fields. In addition to fishing and farming, various forest 
products were harvested from mauka or upland areas (i.e., koa for 
canoes, pulu for stuffing, ohia logs, birds for feathers) and early 
trail systems connected remote villages. 
Evidence of these activities found in remammg archaeological sites 
is critical to reconstructing Hawaiian history and pre-history. 
Geothermal development runs the risk of destroying such 
remaining evidence by site clearing and facility construction. 
Estimates of likely impacts can be accomplished by (1) plotting 
the location of known archaeological sites within and nearby proposed 
sub zones, (2) completing an archaeological literature search for each 
geothermal resource subzone for evidence of early human activity, and 
(3) by archaeological reconnaissance surveys on site. 
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. ,. 
The Department of Land and Natural Resources, Division of State 
Parks, Outdoor Recreation and Historic Sites, under its Historic and 
Archaeological Program, maintains records of all known historical and 
archaeological sites in the State of Hawaii. A survey of available 
information was made to determine the type, extent and significance of 
sites within or nearby the proposed geothermal resource sub zones. 
Subzone boundaries were drawn on copies of Historic Sites maps 
showing known sites and their identification numbers. The most 
recent updated mapping, done under the Coastal Zone ~1anagement 
( CZM) program, was used, and where updated mapping was not 
available, other available maps prepared by DLNR, Historic Sites 
section were utilized. 
Each site located within a proposed geothermal resource subzone 
or nearby its boundaries was identified and a review of Historic Sites 
section records made. This information has been summarized in 
Appendix D including State and National Register status. 
A literature search was prepared for the Kahauale'a EIS 
(Appendix C). Similar searches accompanied by maps showing known 
sites would be prepared and on-site reconnaissance surveys performed, 
once geothermal development sites have been selected. 
~ '. ' - . 
( ( ' /·--· 
Scenic and 
qualities likely to 
SCENIC AND AESTHETIC VALUES ~- 1,,, 
/J_1i"{ •'''• -/~ 
/'\;) -fv<_, ,....(j :· / ' 
aesthetic values, in general, refer to landscape 
be impacted by geothermal development. Since most 
geothermal resource rift zones are located in remote wilderness areas, 
some of which are heavily forested, development of geothermal facilities 
can represent a visual intrusion. 
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Potential sources of visual intrusion include: 
o Clearing forested areas for construction of facilities 
o Temporary 2-3 month presence of drilling rigs 
o Night lighting of drilling rigs 
o Continued drilling for new wells, replacement wells, and 
injection wells (continued presence of drilling rig) 
o Permanent presence of power plant structures with cooling 
towers (50 to 65 feet in height) 
o Geothermal fluid transmission lines 
o Electric transmission lines (70 + feet in height) 
o Periodic presence of steam plumes above well heads and power 
plant cooling towers (under certain climatic conditions, steam 
plume may rise to 150 to 200 feet above the site) 
Estimates of visual impact are accomplished by preparing an area 
wide terrain analysis to determine locations outside the project area 
from which drilling rigs, powerlines, power plant facilities, etc., can 
be seen. A terrain analysis of visual impacts was completed for the 
preparation of the Kahauale'a Environmental Impact Statement 
(Kahauale'a Revised EIS, June 1982) and is provided here as 
Appendix D, for reference. 
In preparing a terrain analysis of visual impacts, various 
observer location points are selected and view lines calculated at each 
site. The observer is assumed to have an eye level 10 feet above 
ground surface and power plant height is assumed to be 80 feet above 
ground level (alternate height considered is 65 feet). Profiles or 
visual perspectives are constructed to show the view lines from each 
observer location to a proposed power plant location. From such a 
profile, it is possible to determine the extent to which a site is visible 
from each observer location. 
A similar terrain analysis should be included in environmental 
impact assessments for the development of specific sites within a 
geothermal resource sub zones. 
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RECREATIONAL VALUES 
Recreational values in remote areas, include hiking, hunting, 
fishing, and camping. These activities are usually not limited to 
specific areas and can therefore occur anywhere in a rift zone. 
However, there are existing, well used hiking trails in many 
areas; some have names and are segments of longer trail systems. In 
some areas, pre-historic and historic Hawaiian trail systems remain. 
Often, local hikers and hunters develop trails by usage. 
Public hunting areas referred to as game management areas are 
defined in Department of Land and Natural Resources rules and 
mapped for public convenience on handout sheets. Conditions for use 
of public hunting areas is specified in the rules; however, game may 
also be hunted on private land at any time with a valid hunting license 
and permission from the landowner. 
The impact of geothermal development to remote area recreation 
uses such as hiking and hunting may result in the loss of segments of 
some trails and could affect the number of game animals present in the 
vicinity of the geothermal development. 
STATE LAND USE DISTRICTS, COUNTY 
GENERAL PLANS AND EXISTING LAND USES 
STATE LAND USE DISTRICTS 
The State Land Use Commission has placed all lands within the 
State of Hawaii in four major land use districts: 
agricultural and conservation. 
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urban, rural, 
The standards for determining the boundaries of each land use 
district are set forth in Chapter 205, HRS, and are as follows: 
Urban Districts include those lands that are now in urban use 
and activities or uses as provided by ordinances or regulations of the 
county within which the urban district is situated. 
Rural Districts include activities or uses as characterized by low 
density res1dentlal lots of not more than one dwelling house per 
one-half acre and where small farms are intermixed with the low 
density residential lots. 
Agricultural Districts include activities or uses as characterized 
by the cultivation of crops, orchards, forage, and forestry; farming 
activities or uses related to animal husbandry, and game and fish 
propagation; services and uses accessory to the above activities 
including but not limited to living quarters, mills, storage facilities, 
processing facilities; and roadside stands for the sale of products 
grown on the premises; agricultural parts and open area recreational 
facilities. 
Conservation Districts include areas necessary for protecting 
watershed and water sources; preserving scenic and historic areas; 
providing park lands, wilderness, and beach; conserving endemic 
plants, fish, and wildlife; preventing floods and soil erosion; forestry; 
open space areas whose existing openness, natural condition, or 
present state of use, if retained, would enhance the present or 
potential value of abutting or surrounding communities, or would 
maintain or enhance the conservation of natural or scenic resources; 
areas of value for recreational purposes; and other related activities; 
and other permitted uses not detrimental to a multiple use conservation 
concept. 
The State Land Use Districts found in each of the potential 
geothermal resource rift zones are: 
Kilauea East Rift Zone 
d1stncts. 
Conservation, agricultural, and urban 
Kilauea Southwest Rift Zone - Conservation, agricultural, and urban 
districts. 
Mauna Loa Southwest Rift Zone 
d1stncts. 
Mauna Loa Northeast Rift Zone 
distncts. 
Conservation and agricultural 
Conservation and agricultural 
Hualalai Northwest Rift Zone - Conservation and agricultural districts. 
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Haleakala Southwest Rift Zone 
d1stncts. 
Conservation and agricultural 
Haleakala East Rift Zone - Conservation, agricultural, urban, and 
rural districts. 
CONSERVATION DISTRICT AND SUBZONES 
Of the four land use districts, the Conservation District is the 
only one administered by the State of Hawaii. Individual counties 
administer urban, rural and agricultural lands. 
Chapter 183-41, HRS, established Conservation Districts and 
enabled the State Department of Land and Natural Resources to 
promulgate regulations to implement the statute. Implementation was 
accomplished under the Department's Administrative Rule, Title 13, 
Chapter 2. Under this rule, the Conservation District is further 
subdivided into five subzones: Protective (P), Limited (L), Resource 
(R), General (G) and Special Subzones (SS). 
The Protective Subzone has as its objective the protection of 
valuable resources in such designated areas as restricted watersheds; 
marine, plant. and wildlife sanctuaries, significant historic, archaeo-
logical, geological, and volcanological features and sites; and other 
designated unique areas. The Limited Subzones are designated areas 
where natural conditions suggest constraints on human activities. The 
objective of the Resource Subzone is to develop, with proper manage-
ment, areas to ensure sustained use of the natural resources of those 
areas. General Subzones are open space areas where specific 
conservation uses may not be defined, but where urban use would be 
premature. Special Subzones are specifically designated areas which 
possess unique developmental qualities which complement the natural 
resources of the area. At the present time there are four Special 
Subzones all located on the island of Oahu. 
In accordance with the Administrative Rules of the Department of 
Land and Natural Resources, State of Hawaii §13-2-11, 12, 13, and 14 
certain uses are permitted within each of the Conservation District 
subzones. The following uses are permitted in the Protective 
Sub zones: 
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(1) Research, recreational, and educational use which require no 
physical facilites; 
(2) Establishment and operation of marine, plant, and 
sanctuaries and refuges, wilderness and scenic areas, 
habitat improvements; 
wildlife, 
including 
( 3) Restoration or operation of significant historic and archaeological 
sites listed on the national or state register; 
(4) Maintenance and protection of desired vegetation, including 
removal of dead, deteriorated and noxious plants; 
(5) Programs for control or animal, plant, and marine population, to 
include fishing and hunting; 
(6) Monitoring, observing, and measuring natural resources; 
(7) Occasional use; and 
(8) Governmental use not enumerated herein where public benefit 
outweighs any impact on the conservation district. 
The following uses are permited in the Limited Subzone: 
(1) All permitted uses stated in the (P} subzone; 
(2) Emergency warning systems or emergency telephone systems; 
(3) Flood, erosion, or siltation control projects; and 
( 4) Growing and harvesting of forest products. 
The following uses are permitted in the Resources Subzone: 
(1) All permitted uses stated in the (P) and (L) subzone; 
(2) Aquaculture; 
( 3) Artificial reefs; and 
( 4) Commercial fishing operations. 
The following uses are permitted in the General Subzone: 
(1) All permitted uses as stated in the (P), (R), and (L) subzones; 
and 
(2) Development of water collection, pumping, storage, control, and 
transmission. 
COUNTY GENERAL PLANS AND LAND USE POLICIES 
The Agricultural, Urban and Rural Land Use Districts are 
administered by the individual counties. Counties administer land uses 
through their General Plan and/ or Community Plans. 
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The County General Plan sets forth the broad objectives and 
policies for the long-range development of the County. Community 
Plans provide more detailed schemes for implementing the General Plan. 
Hawaii County 
The County of Hawaii General Plan, adopted December 15, 1971, 
sets forth the following goals and policies for Land Use. 
Goals: 
1. Designate and allocate land uses in appropriate proportions and in 
keeping with the social. cultural, and physical environments of 
the County. 
2. Protect and encourage the intensive utilization of the County's 
limited prime agricultural lands. 
3. Protect and preserve forest, water, natural and scientific 
reserves and open areas. 
Policies: 
1. Zone urban-type uses in areas with ease of access to community 
services and employment centers and with adequate public utilities 
and facilities. 
2. Promote and encourage the rehabilitation and utilization of urban 
areas which are serviced by basic community facilities and utili-
ties. 
3. Allocate appropriate requested zoning in accordance with the 
existing or projected needs of neighborhood, community, region 
and County. 
4. Establish a "land zoning bank" from which land use zoning may 
be allocated to specified urban centers and districts. 
5. Conduct a review and re-evaluation of the tax structure to assure 
compatibility with land use goals and policies. 
6. Incorporate innovations such as the "zone of mix" into the Zoning 
Ordinance in order to achieve a housing mix and to permit the 
more efficient development of lands which have topographic and/or 
drainage problems. 
-41-
7. Incorporate the concept of a "floating zone" for future industrial 
and retreat resort areas. This concept would allow flexibility in 
locating future needed developments in districts which cannot be 
pinpointed at this time, especially in the more rural and/or remote 
areas. 
Land uses are categorized as follows in the plan: 
Urban Centers: 
High Density: Commercial, multiple 
services (general and office commercial; 
43.6 units per acre). 
residential and related 
multiple residential--87 to 
Medium Density: Village and neighborhood 
dential and related functions (3-story 
residential--35 to 11.6 units per 
commercial and resi-
commercial; multiple 
acre; single-family 
residential--5. 8 units per acre). 
Low Density: Residential and ancillary community and public uses 
(single-family residential--no more than 4 units per acre). 
Industrial Area: Manufacturing and processing; wholesaling; large 
storage and transportation facilities; power plants; and 
government baseyards. 
Resort Area: Hotels and supporting services. 
Agriculture Area: 
Intensive: 
floriculture. 
Sugar; 
Hig·h: Fertile soil. 
Low: Less fertile soil. 
orchard; diversified 
Extensive: Pasturage and range lands. 
agriculture; and 
Orchard: Those agricultural lands which though rocky in 
character and content support productive macadamia nuts, 
papaya, citrus and other similar agricultural products. 
Public Lands: Federal, State, University and County-owned lands. 
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Open: 
Parks and historic sites. 
Conservation Area: Forest and water reserves; natural and 
scientific preserves; open; etc. 
The five potential geothermal resource areas on Hawaii contain the 
following county designated land use categories: 
Kilauea East Rift Zone - This area is comprised of conservation, low 
density, medium dens1ty, resort, open area, orchards, alternate urban 
expansion, and extensive agriculture zones. 
Kilauea Southwest Rift Zone - This area is comprised of conservation, 
extensive agriculture, intensive agriculture, low density, medium 
density, open area, and orchard zones. 
Mauna Loa Southwest Rift Zone - This area is comprised of conserva-
tion, orchards, mtens1ve agnculture, and extensive agriculture zones. 
Mauna Loa Northeast Rift Zone - This area is comprised of conserva-
tion and extensive agriculture zones. 
Hualalai Northwest Rift Zone - This area is comprised of conservation, 
extensive agriculture, and orchard zones. 
Maui County 
The land use objectives and policies of the Maui County General 
Plan December 28, 1977 are as follows for Land Use. 
Objectives: 
1. Uses of land meeting the social and economic needs of the people. 
2. Availability of agriculture lands that are well-suited and feasible 
for agricultural products. 
3. A lifestyle pattern based on consistent and harmonious use of 
land. 
Policies: 
1. Discourage the unwarranted conversion of agriculture lands to 
non-agricultural uses. 
2. Minimize the encroachment of urban uses on agriculture lands. 
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3. Provide for compatible alternative uses on non-productive agricul-
ture lands. 
4. Enhance agricultural land use activities by providing public 
incentives and encouraging private initiative. 
5. Develop land use guidelines reflecting the individual character of 
the communities and regions of the County of Maui. 
6. Guide land use development patterns in sympathy with an area's 
natural topographic features, environmental hazard constraints, 
scenic amenities and other natural resource potentials. 
7. Maintain the opportunity to pursue a rural lifestyle. 
8. Encourage land use methods that provide a choice of housing 
types and locations. 
9. Continue programs to identify and preserve unique and significant 
historic sites and natural areas. 
10. Provide a wide-range of compatible land uses based on individual, 
community, regional and county needs. 
11. Ensure the effective protection and prudent use of Maui County's 
coastal areas. 
12. Encourage the "most reasonable and beneficial use" of land by 
discouraging practices that promote "the highest and best use" 
concept of land use. 
13. Establish guidelines and programs to further reduce land specu-
lation., 
14. Guide and integrate the development of public facilities and 
infrastructures with established County land use policies. 
15. Encourage the Hawaiian Homes Commission to establish additional 
homestead lands throughout the County of Maui. 
The land use categories were obtained from various community 
plans covering the two potential resource areas of Maui. These 
community plans are mandated by the Charter of Maui County (1977) 
and the Maui County General Plan which was adopted on June 24, 1980 
as Ordinance No. 1052. 
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Conservation: 
This use is to protect and preserve wilderness areas, open 
spaces, beach reserves, scenic areas, historic sites, open ranges, 
watersheds, and water supplies; to conserve fish and wildlife; and to 
promote forestry and grazing, It is intended that all lands designated 
as Conservation be governed by the requirements and procedures of 
Chapter 205, HRS, as amended, and administered by the State Depart-
ment of Land and Natural Resources. 
Rural: 
This use is to protect and preserve areas consisting of small 
farms intermixed with low-density, single-family residential lots. It is 
intended that, at minimum, the requirements of Chapter 205, HRS, as 
amended shall govern this area. 
Agriculture: 
This use is to provide areas for agricultural development which 
would be in keeping with the economic base of the County and the 
requirements and procedures of Chapter 205, HRS, as amended. It is 
also expected that the County will impose more stringent requirements 
on these areas to ensure their use for agriculture. 
Reserve: 
This is primarily for areas within the State Urban District which 
have low priority for urban development because of environmental 
concerns, such as natural hazard and resource areas, archaeological 
sites, and other considerations, or the costs entailed with development 
because of the lack of nearby or adequate public facilities and 
services. 
Single-Family Residential: 
This includes single-family detached and duplex dwellings. 
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Multi-Family Residential: 
This includes apartment and condominium buildings that have more 
than two dwellings. 
Business I Commercial: 
This includes retail stores, offices, entertainment enterprises and 
their accessory uses. 
Light- Industrial Use: 
This is for warehousing and service and craft-type industrial 
operations. 
Heavy-Industrial Use: 
This is for major industrial operations whose effects are 
potentially noxious due to noise, airborne emissions or liquid 
discharges. 
Hotel/ Resort: 
This applies to transient accommodations which do not contain 
kitchens within individual living units but may include a restaurant or 
small shops serving hotel guests. 
Public I Quasi Public: 
This includes schools, libraries, fire/ police stations, government 
office buildings, public utilities, hospitals, churches, cemeteries, and 
community centers. 
Airport: 
This includes all commercial and general aviation airports. 
Park: 
This includes all public active and passive parks. 
The two potential resource areas on Maui contain the following 
land uses: 
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Haleakala Southwest Rift Zone - This area is comprised of conserva-
tion, agriculture and park zones. The park area is located southwest 
of Kihei Road at Cape Kinau. 
Haleakala East Rift Zone - This area is comprised of conservation, 
agriculture, rural, reserve, single-family residential, multi-family 
residential, business/ commercial, light-industrial use, hotel/ resort, 
public/quasi public, and park zones. 
EXISTING LAND USES 
Existing land uses in potential geothermal resource areas are 
characteristic of their respective zoning. Most potential areas are 
zoned conservation and may include forest reserve, national and state 
parks, other forested areas, brush and grass lands, and barren lava 
flows. Often conservation zoned lands provide habitat for native and 
rare or endangered species as well as hunting area, and watershed 
lands. 
Potential resource areas zoned agricultural are used mostly for 
livestock grazing. 
The only urban zoned areas are those located at Pahoa and 
Kapoho in the Kilauea East Rift Zone, Hawaii; and Hana, in the 
Haleakala East Rift Zone, Maui. The only Rural zoned area is located 
at Pahoa, Hawaii. 
Table 7 summarizes existing land uses in each resource area. 
COMPATIBILITY OF GEOTHERMAL RESOURCE 
DEVELOPMENT WITH SURROUNDING LAND USES, AND ZONING 
Act 296 in addressing the designation of geothermal resource 
subzones requires assessement of each geothermal resource area by an 
examination of various factors including the compatibility of geothermal 
development and potential related industries with existing land uses 
and those uses permitted under Section 205-2, Hawaii Revised 
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Table 7. Land Use in Geothermal Areas 
Kilauea Mauna Loa Hualalru Haleakala 
Description NE ~~t sw R~ft :;w N.t: N.t: :;W Rift Rift Rift Rift Rift Rift 
Lower Upper Kau Han a 
URBAN: 
Residential • • 
Commercial • • 
RURAL: 
Residential • 
AGRICULTURE: 
Cropland • • 
Grazing • • • • • • • • 
Residential • • • • 
CONSERVATION: 
Forest Reserve • • • • 
National Park • • 
State Park • 
Other Forests • • • • • • • 
Brush & Grassland • • • • • • • • 
Lava Flows (barren) • • • • • • 
Endangered Mammal • • 
Endangered Bird • • • • Wildlife Sanctuary • • 
Hunting Area • • • • 
Watershed • • 
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Statutes, relating to State Land Use Districts, Section 183-41, HRS, 
relating to Conservation Districts and all uses permitted under County 
general plans or land use policies. 
Act 296 allows geothermal resource subzones to be designated 
within any of the four state land use districts--urban, rural, 
agricultural and conservation. As such, once subzones are 
established, geothermal facilities could be located adjacent to any land 
use existing or permitted in any of the four districts. 
Compatibility simply means being capable of living or performing 
in harmonious combination with each other. Some land uses are 
obviously more compatible than others depending on their 
characteristics. 
As noted in the Flora and Fauna Section of this report, forested 
areas may be categorized by the amount of canopy and quantity of 
native forest present, the assumption being that undisturbed closed 
canopy native forest would be the most susceptible to disruption by 
geothermal development. Thus, geothermal development would be least 
compatible with a Category 1 forest consisting of exceptional native 
forest with a closed canopy and over 90% native cover. Category 2 
forest consists of mature native forest with over 75% native canopy. 
Category 2A consists of native scrub and low forest and Category 3 
consists of cleared land, non-native forest, or bare ground or lava. 
Category 3 forest is considered more compatible with geothermal 
development than Category 1 forest. However, construction of a 
geothermal power plant in Category 2A native scrub and low forest or 
in Category 3 open, cleared land or barren-lava flows result in visual 
intrusions which might be otherwise hidden in a Category 1 or 2 
forest. 
Conservation districts constitute a large percentage of the poten-
tial resource areas. Each area within the conservation district has 
permitted uses. In each of the subzones mentioned, Protective, 
Limited, Resource and General; the use of the area for "monitoring, 
observing, and measuring natural resources" is permitted. In this 
respect exploration of geothermal resources can be allowed in a 
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'l' ., 
conservation district. The development of these resources can then 
eventually lead to widespread public benefit. The use of lands within 
a conservation district in which "governmental use not enumerated 
herein where public benefit outweights any impact on the conservation 
district" is permitted. In managing the uses of conservation lands, 
careful analysis of the proposed use is required. Thus, only when 
the benefits of the proposed use are determined to be greater than 
any impact on the land, will the use be permitted. 
In addressing land use compatibility, several assumptions must be 
made. 
o Ambient air quality will not be effected since it is expected that 
current abatement technology will be fully utilized in compliance 
with proposed State Department of Health air quality standards 
for geothermal development. 
o Proposed County of Hawaii Noise Guidelines of 45 decibels at 
night and 55 decibels by day will be complied with. It is also 
assumed that the County of Maui will adopt similar noise 
guidelines in reference to geothermal activities. 
o Geothermal facility siting will be adjusted to avoid endangered 
plants and significant archaeological or historical sites. 
o Visual impacts will be minimized by adjusting the location of the 
site, the alignment of structures so as to present the smallest 
possible aspect and by blending structures with surroundings by 
painting appropriately and by use of non-reflective, light 
absorbent materials and textures and by shielding facilities from 
view by locating behind a puu, or hill, or by placement in a 
forested area. 
o Impacts will be further minimized by use of buffer zones 
surrounding geothermal facilities. 
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EVALUATION OF IMPACTS ON 
POTENTIAL GEOTHERMAL RESOURCE AREAS 
Evaluation of impacts on potential geothermal resource areas was 
accomplished by reviewing available information for each geothermal 
resource area. Information on meteorology, surface water, ground 
water, underground injection control areas, existing land uses, flora 
and fauna and historic and archaeological sites was developed by 
mapping on a series of overlays for each geothermal resource area. 
The following evaluation is the product of the overlay mapping and 
data review process. 
KILAUEA EAST RIFT ZONE 
Under trade wind conditions, during the day, northeast trade 
winds pass through the entire rift zone. Wind speeds vary from light 
to fast depending on the topography. The southern half of the rift 
zone will have moderate to fast trade winds, while the northern half 
will have light to moderate wind speeds. At night, the moderate 
northeast trades pass through the eastern end of the zone while gentle 
to moderate northerly drainage downslope winds pass through the 
remainder of the rift zone. 
Under non-trade wind conditions, during the day, gentle to 
noderate sea breeze-upslope winds from the southeast through 
southwest pass through the rift zone. At night, gentle to moderate 
downslope winds from the higher slopes drain down through the rift 
zone from the north through west. 
Rainfall is heavy over most of the central northeast half of the 
rift zone--over 100 inches a year. Rainfall falls off sharply at the 
western end of the rift zone from 100 inches a year to 35 inches a 
year in a short distance of less than 2 miles. The western end of the 
rift zone has the lowest rainfall. 
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Hawaii Volcano National Park Headquarters at 3, 970 feet elevation, 
Pahoa at an elevation of 650 feet, and Pohoiki at an elevation 10 feet 
can be used as representative temperature stations in the rift zone. 
Pahoa and Pohoiki have average annual maximum and minimum 
temperatures of 78.2°F and 63.4°F, and 81.2°F and 67 ,2°F, 
respectively. The average annual temperature at National Park 
Headquarters is 68,1°F and 52.9°F. 
There are no known surface streams or natural water storage 
features in the Kilauea East Rift Zone, with the exception of Green 
Lake in Kapoho Crater. 
Ground water occurs as dike water and basal water in the Kilauea 
East Rift Zone. 
Mountain View. 
The only known perched water exists north of 
Basal water underlies all of the Kilauea East Rift Zone except 
where dikes occur. Hydraulic gradients along the northeast coast of 
Puna range between 2 and 4 feet per mile, with water-table elevations 
of 12 to 18 feet above sea level 5 to 6 miles inland. Along the 
southeastern coast, gradients range between 1 and 2 feet per mile, 
with water-table elevations of 3 to 4 feet above sea level a mile and a 
half inland. The main reason for the difference in hydraulic gradients 
between the northeast and southeast coasts is the amount of rainfall 
per unit of surface area and the barrier effect of the east rift zone on 
ground water movement. The effectiveness of the east rift zone as a 
barrier to ground water movement is demonstrated by the difference in 
basal water-table levels. 
The only significant source of saline water that contaminates the 
basal aquifer is sea water, with a chloride content of approximately 
19,000 mg/1. Because of the effects of mixing, most ground water at 
the coast is brackish. Salinity and temperature vary greatly north 
and south of the rift zone. Wells and shafts north of the rift zone are 
characterized by lower temperatures and lower salinities. Wells in and 
near Keaau have water temperatures of 66° to 68°F. The water 
temperature of wells near Pahoa ranges between 72° and 74°F. Wells 
located more than 3 miles inland generally have a chloride 
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concentration of less than 20 mg/1. South of the rift zone, high 
well-water temperatures and salinities are encountered. The water 
temperature of the Malama-Ki well, No. 2783-01, in 1962 was 127-130°F 
with salinity between 5500 and 7000 mg/l at pumping rates of 100 to 
480 gpm. The water temperature of thermal test well No. 3 in 1974 
was 199°F, with salinity of 2000 mg/1. The average chloride content of 
ground water south of the rift zone is probably greater than 3000 
mg/1, probably due in part to heating of sea water by volcanic activity 
below the basal lens. The warmer, less dense sea water rises, 
contaminating the fresh water in the basal aquifer. 
LOWER KILAUEA EAST RIFT ZONE 
Property in the lower portion of the Kilauea East Rift Zone is 
owned by six large area landowners and numerous small area 
landowners. Large area landowners include the State of Hawaii, 
Bishop Estate, Campbell Estate, Puna Sugar Company, Kapoho Land 
Development Corporation, and Tokyu Land Development Corporation. 
Property within the Lower East Rift Zone is zoned Agricultural, 
Conservation, Urban and Rural. It should be noted that existing land 
uses in Agricultural zoned areas include both cultivated and 
uncultivated land, and agricultural subdivisions. Agricultural 
subdivisions are designated by the County of Hawaii as A-la, meaning 
an agricultural subdivision of one acre lots. Five one-acre 
subdivisions are located within the rift zone boundaries, and include 
Leilani Estates, and Nanawale Subdivision. Conservation zoned areas 
include Forest Reserve lands, the Wao Kele 0 Puna Natural Area 
Reserve and the Kapoho Lava flow of 1960. Urban areas within the 
rift zone boundaries include Pahoa, Kaniahiku Village and a small 
portion of the Kapoho Beach Lots. 
Lava flows in the Lower East Rift Zone include flows dated 1750, 
1790, 1840, 1845, 1955, 1960, 1961, and 1983. 
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Forested areas in the Lower East Rift. Zone consist primarily of 
Category 2 and 2A forest, mature native forest with over 75% native 
cover and native scrub and low forest. Isolated areas of Category 1 
exceptional native forest with over 90% mature cover and closed 
canopies do exist in the Keauohana Forest Reserve, consisting of 
ohi'a-lama forest, in the vacinity of Puu Kaliu and at higher elevations 
in the Wao Kele 0 Puna National Area Reserve. Category 3, bare 
lava, cleared land is more evident in coastal area, especially in the 
Kapoho area, at Cape Kamukahi. 
There is no endangered species essential habitat in the Puna 
area, since large portions of the area are either cleared agricultural 
land or bare lava. 
Five historic sites are located in the Lower East Rift Zone: 
Site No. 7388 - Pahoa District, town. 
Site No. 4295 - Pualaa Complex, including an ancient holua slide. 
Site No. 2501 Kapoho Petroglyphs, considered unique, 
and placed on the State Register 
of Historic Sites. 
Site No. 7492 - Lyman Historic l\larker 
Site No. 2500 - Kukii Heiau, reamins of heiau built by Umi on his 
tour of Hawaii after coming to power. 
Development of geothermal resources in the Lower East Rift-Zone 
has been underway since 1973-74 with the issuing of geotriermal 
resource mining leases for four areas, designated GRl\IL R-1, R-2, 
R-3, and R-4. Development of additional sites in the Lower East Rift 
zone will not impact any endangered species essential habitat, but may 
impact existing communities in terms of noise and aesthetics. The 
provision of a buffer zone will help to mitigate such impacts. Air 
Quality will not be impacted, since it is expected that given current 
level of abatement technology, geothermal facilities will comply with 
State Air Quality standards for geothermal development. 
UPPER KILAUEA EAST RIFT ZONE 
Property in the Upper East Rift Zone is owned by four large area 
landowners, the United States of America (Hawaii Volcanoes National 
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Park), the State of Hawaii, Bishop Estate, and Campbell Estate. 
Smaller holdings owned by various individuals are found in the Royal 
Gardens Subdivision along the coast and in urban and agricultural 
zoned areas in the Kilauea-Olaa area at the mauka boundary of the rift 
zone. 
The Upper East Rift Zone is primarily zoned Conservation, 
Protective, Resource and Limited Sub zones. Exceptions are the 
Ainahou Ranch land, Royal Gardens Subdivision, zoned for agricultural 
use, and the urban and agricultural zoned areas in the Kilauea-Olaa 
area. 
Existing land uses include the Hawaii Volcanoes National Park (the 
largest area), forested areas in Kahauale'a, a grazed area in the 
vicinity of Ainahou Ranch, a portion of the Wao Kele 0 Puna Natural 
Area Reserve, and the Volcano and Royal Gardens Subdivisions. Also 
included are portions of the Kilauea Forest Reserve, Kilauea Military 
Camp, and Kilauea Golf Course. 
Included on the list of existing land uses is the Campbell 
Estate/True Mid-Pacific Geothermal Development area as approved for 
exploration by the Board of Land and Natural Resources in 1983. 
Forested areas in the upper portion of the East Rift Zone consist 
primarily of Category 1, exceptional native forest with over 90% native 
cover and closed canopy, and Category 2 mature native forest with 
over 75% native cover interspersed with bare lava flows, dated 
1968-1973, 1977 and 1983-84. 
Essential endangered species habitat for 'o'u encompasses a major 
portion of the Kahauale'a area, and extends into the Hawaii Volcanoes 
National Park land to the south. The Dark-rumped Petrel is known to 
nest in Napau Crater and l'o have established territory at Makapuhi 
Crater and at lower elevations in the vacinity of the Royal Gardens 
Subdivision. 
There are no known archaeological sites within the Upper East 
Rift zone. 
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Development of geothermal resources in the Kilauea Upper East 
Rift zone will be limited to areas outside the Hawaii Volcanoes National 
Park. Air quality within surrounding areas will not be impacted since 
it is expected that, given the current level of abatement technology, 
geothermal facilities will comply with State Air Quality standards for 
geothermal development. 
Site development may impact endangered o'u habitat; however, as 
stated in the Kahau'alea Environment Impact Statement (June 1982), 
"the minimal removal of vegetation and trees within the Kahau'alea 
project area should not significantly threaten the O'u." (pg. 5-11). 
It should also be noted that a portion of the O'u habitat has been 
lost due to recent lava flows. 
KILAUEA SOUTHWEST RIFT ZONE 
Under trade wind conditions, during the day, moderate to 
moderately strong northeast trade winds are expected to sweep 
through the rift zone. At night moderate drainage winds from the 
upper slopes of Mauna Loa should sweep through the rift zone from 
the north. 
Under non-trade wind condition, during the day, light to 
moderate southerly sea breeze-upslope winds are expected to pass 
through the rift zone. At night, the light to moderate drainage winds 
from the north are expected to pass through the rift zone. 
There is great variation in the amount of rainfall over this rift 
zone--from about 100 inches a year at the northern end of the rift 
zone near Hawaii Volcano National Park Headquarters to about 20 
inches a year at the southern end of the rift zone near Hilina Pali in 
the Kau Dessert. The greatest variation in rainfall is at the upper 
end of the zone where in the short distance of about a mile from the 
National Park Headquarters to Halemaumau, the rainfall drops from 100 
inches a year to 50 inches a year. There are no rainfall stations in 
the Kau Dessert. 
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Hawaii Volcano National Park Headquarters, at 3, 970 feet 
elevation, with an average maximum and minimum temperature of 68.1°F 
and 52. °F, respectively, is the only temperature station in the rift 
zone. 
There are few streams in the Kilauea Southwest Rift Zone because 
the water quickly percolates into the young and highly permeable lava 
flows. A few well-defined stream channels are found between Waiahaka 
Gulch, near Kapapala Ranch, and Hilea Gulch. No stream has 
continous flow into the sea, and flood flows reach the sea infrequently 
and only for short periods. 
Ground water in the coastal areas of the rift zone is brackish; at 
higher elevations dike confined water is present. The Underground 
Injection Control line is set at an elevation of 200 feet in most of the 
coastal area but drops to an elevation of 100 feet within the rift zone 
near Waiapele Bay. Lava flows within the rift zone are dated 1823, 
1868, 1920, 1971 and 1974. 
Property within the Kilauea Southwest Rift Zone is owned by the 
State of Hawaii, United States of Amercia (Hawaii Volcano National 
Park), Bishop Estate, Ka'u Sugar, International Air Service, 
Seamountain Hawaii, C. Brewer, and a number of small parcel 
landowners. 
Rift zone areas are zoned either Conservation, Resource and 
Limited Sub zones, or Agricultural. All rift zone areas, except for 
National Park lands, are presently used for grazing. 
The nearest urban or residential areas are Pahala, north of the 
rift zone, and Punaluu, west of the rift zone. 
essentially border the rift zone area. 
Both communities 
This area is poorly characterized biologically. It was not 
included in USFWS vegetation mapping. The area is generally 
disturbed, with some pockets of native scrub along the coast and near 
the boundary of the national park, and is of little biological 
significance since it contains no endangered species habitat. 
There are no known archaeological sites within this subzone. 
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Development of geothermal resources in portions of this rift zone, 
outside the National Park, would probably result in minimal 
environmental impact. 
Development proximity to the Pahala and Punaluu communities may 
result in aesthestic impact. Air Quality will not be impacted since it is 
expected, given the current technology level that all air quality 
impacts will be abated so as to comply with State Air Quality standards 
for geothermal development. 
i'llAUNA LOA NORTHEAST RIFT ZONE (KULANI) 
Tradewinds during the day diverge around Mauna Loa and pass 
through the rift zone from the east to southeast. At night, reverse 
flow results from drainage of mountain breeze-downslope winds. Under 
non-trade conditions, light to moderate sea breeze-upslope winds flow 
through the rift zone from southeast to east. At night, mountain 
breeze downslope winds flow from the west. 
Rainfall is heavy--150 inches a year at the 3, 500-foot elevation to 
60 inches a year at the 7000 foot elevation. Kulani Camp receives 102 
inches a year (elevation 5,170 feet). Temperature at Kulani Camp 
ranges from an average annual maximum of 63 .5°F up an average 
annual minimum of 46.5°F. 
There are no known surface streams in this subzone area. Dikes 
occur above the 5400-foot elevation. 
elevation from 3600 feet to 7000 feet. 
The subzone area ranges in 
Property within the proposed subzone is owned by Bishop Estate 
and the State of Hawaii, and is zoned Agricultural and Conservation. 
The nearest residential area is Kaumana on the north, approximately 6 
miles from the subzone boundary. Volcano House in the National Park 
is approximately 8 miles from the southern sub zone boundary. 
Existing land uses within the proposed subzone boundary include 
the Agricultural zoned grazing land belonging to Bishop Estate and the 
State's Kulani Honor Camp, located in the Conservation District, 
Resource Subzone. The remaining lands within the subzone are 
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forested and includes portions of the Mauna Loa, Kilauea, and Upper 
Waiakea Forest Reserves and two game management areas on the 
northwest and southwest corners of the subzone. Puu Makaala Natural 
Area Reserve is included in the southeast corner of the subzone. 
Forested areas consist of Category 1, exceptional native forest; 
closed canopy with over 90% native cover. The remaining forest areas, 
consist of Category 2, mature native forest with over 75% native 
canopy. Forested areas in the upper and northern portion of the 
proposed subzone are dissected by recent lava flows dated 1852, 1942, 
and 1984. 
Category 1 forests include tall Metrosideros polymorpha ( Ohia 
lehua), and Acacia koa (koa) with native shrubs and tree ferns 
( Cibotium spp. hapuu). Category 2 includes moderate to tall Ohia 
lehua and koa, with native shrubs and ferns. Category 2A includes 
scattered Ohia lehua and Mamane, in some areas. 
Mauna Loa forests within the subzone area provide habitat for 
four endangered forest bird species; the Hawaii Creeper, Akepa, 
Akiapola'au and the 'O'u, and the Nene. The Mauna Loa East Rift 
forests have been designated as essential habitat for the four 
endangered forest birds. In addition, 'lo, the Hawaiian Hawk, is 
known to nest at two sites, one on the lower slopes of Kulani Cone 
and a second site directly due West at an elevation of 5500 feet. 
It should be noted that the designated essential habitat area 
includes the grazed agricultural zoned areas belonging to Bishop Estate 
since these areas contain both Category 1 and 2 forests as well as 
open areas. There are no known archaeological sites within the 
subzone area. 
Development of a geothermal resource in areas other than the 
cleared grazed agricultural land may impact the four endangered forest 
bird species and the Nene by disturbing essential habitat areas. 
MAUNA LOA SOUTHWEST RIFT ZONE (KAHUKU RANCH) 
There are no wind data in this rift zone. Under trade wind 
condition, during the day, the lower half of the rift zone is expected 
to have light to moderate easterly trades passing through the rift 
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zone. The northern upper half of the rift zone will likely have light 
to moderate upslope winds from the south. During the night, light to 
moderate northerly mountain breeze-downslope winds are expected to 
t1ow through the rift zone. 
Under non-trade wind conditions, during the day, light to 
moderate southerly upslope winds are expected to pass through the 
rift zone. During the night, gentle to moderate drainage winds from 
the higher slopes are expected to pass through the rift zone from the 
north. Precipitation ranges from 40 to 50 inches decreasing at the 
upper elevations to 40 inches. 
No surface streams are found within the subzone area. Dikes are 
found in the upper elevations of the subzone area; basal ground water 
is fresh, and the UIC line lies to the south outside the subzone area. 
There are no existing wells within the subzone area. 
The subzone area is almost wholly owned by the S.M. Damon 
Estate, except for a small portion on the eastern subzone boundary 
which is state-owned. 
Existing land uses within the potential subzone area include 
grazing land, a portion of the sparsely settled Hawaiian Ocean View 
Estates, and forest lands. The subzone boundary extends makai of 
Highway 11, to the Kahuku Ranch area. The nearest population 
centers are to the east, Waiohinu and Naalehu towns, and 
Kiolakaa-Keaa Homestead area. The subzone area is zoned agricultural 
and conservation. 
Forested areas consisting mostly of mature native forest, with 
over 75% native cover, are interspersed with areas of bare lava from 
t1ows dated 1886, 1887, 1907, 1916, and 1926. 
Above the 5000-foot elevation, forested and bare lava areas 
provide habitat for the Nene and two species of endangered forest 
birds, Hawaiian Creeper and Akiapolaau. On the eastern boundary 
between the 3000-foot and 3600-foot elevations, three species of 
endangered forest birds ( Akepa, Akiapolaau and Hawaiian Creeper) 
occupy an area designated as exceptional native forest, with a closed 
canopy and over 90% native forest cover. The subzone area lies to the 
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east of the Manuka Natural Area Reserve; no portion of the reserve is 
included in the proposed subzone. 
Historic sites are found only at the subzone perimeter at Kahuku 
Ranch. No significant archaeological or historic sites were recorded 
within the subzone boundaries. 
Development of geothermal resources in the lower, agricul-
tural-zoned portion of the proposed subzone may result in minimal 
environmental impact provided a buffer area is maintained between the 
geothermal development site and the Hawaiian Ocean View Estates. 
HUALALAI NORTHWEST RIFT ZONE 
Although no wind instrumentation exists on Hualalai, knowledge of 
other upland areas indicated that light to moderate upslope sea breezes 
converge on Hualalai during the day; at night, the reverse gentle to 
moderate downslope mountain breezes diverge in all directions from the 
Hualalai Summit. Rainfall varies from light to moderate, from 30 to 40 
inches a year. 
There are no known surface streams in this area; however south 
of the subzone area, man-made catchments and collecting ponds are 
used to provide water for ranch purposes. Dikes occur in this 
subzone and elevations range from 3400 feet to 7200 feet. 
Property within the subzone is wholly owned by Bishop Estate 
and zoned Conservation except for a triangular section on the south-
east slope, and two small segments along the northwest perimeter that 
are zoned agricultural. The nearest residential areas occur along the 
l\1amalahoa Highway to the west; Kailua-Kona is located seven miles 
southwest of the subzone. Except for the triangular shaped agricul-
tural land, which is grazed, all other land within the subzone is 
forested. Approximately one-half of the forested area lies within the 
Kaupulehu Forest Reserve. 
Forested areas consist of mature native forest, with over 75% 
native canopy. Exceptional native forest with over 90% native canopy 
is found along the subzone boundary between elevations of 4000 to 
6500 feet. Species composition consists primarily of Metrosideros 
polymorpha (ohia lehua), Acacia koa (koa), and Sophora chrysophylla 
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(mamane). The subzone is crossed by a single lava flow, the 
Kaupulehu Flow. 
Hualalai slopes within the subzone area provide habitat for four 
endangered species. The species composition varies with elevation. 
Between 3200 feet and 6000 feet Alala, Hawaiian Creeper and Akepa are 
found; between 6000 and 7000 feet Hawaiian creeper, Akepa and Nene 
are found; and above the 7000-foot elevation, only Nene. 
No archaeological or historical sites have been recorded within the 
subzone area. 
Development of geothermal resource in areas other than the 
grazed agricultural zoned portion of the subzone may impact the 
endangered species known to exist within the proposed subzone area. 
Alala, the Hawaiian Crow, is reported to number fewer than 20 
individuals. Disturbance of their Hualalai habitat may cause further 
decline of this species and, possibly, its extinction. 
HALEAKALA SOUTHWEST RIFT ZONE 
Wind data for coastal sites indicate that under tradewind 
conditions, during the day light to moderate sea breeze-upslope winds 
from the southeast and the west flow from the coast to upper 
elevations. At night the reverse, mountain breeze-downslope winds 
occur. Similar sea breeze, mountain breeze winds, occur during 
non -tradewind conditions. 
Rainfall in the rift zone ranges from 16 inches a year in coastal 
areas to 54 inches a year near Polipoli Spring. 
Average annual maximum and minimum temperatures at the coast 
in the rift zone are expected to be about 84 ° F and 64 ° F, respectively; 
at 3000 feet 72°F and 55°F could be expected, and at 7000 feet a 
maximum of 63°F and a minimum of 44°F. 
There are no know surface streams in this geothermal resource 
area. Several springs along the mauka northern fringes of the area 
provided water for minor uses, including camp water for the Polipoli 
Mountain Park. 
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Ground water in the rift zone is brackish below 1600 feet level 
and fresh basal water above. However, the rift zone also contains 
dike-confined ground water. 
Property within the rift zone is owned by the State of Hawaii, 
Ulupalakua Ranch and other individual holders of smaller parcels. The 
coastal portions of the rift zone and mountain areas above 5000 feet 
are zoned Conservation, Protective, and General Sub zones, and 
Resource Subzone, respectively. All mid-level areas not zoned 
Conservation are zoned for agricultural use. 
The Ahihi-Kinau Natural Area Reserve from Kanahena to 
Keoneoio, including near-shore submerged lands, is located in the 
coastal portion of the rift zone. This Natural Area Reserve contains 
anchialine pools, marine ecosystems and the last lava flow (dated 1790) 
on the Island of Maui. Upslope, Ulupalakua Ranch land is used for 
grazing. The upper most portion of the rift zone above 5000 feet is 
designated as the Kula and the Kahikinui Forest Reserves. Polipoli 
State Park is located along the northern rift zone boundary. The 
nearest urban or residential areas are Makena, one mile north of the 
rift zone boundary; Ulupalakua Ranch, immediately northwest of the 
rift-zone along the Kula/ Piilani Highway; and Keokea, approximately 2 
miles northwest of the upper portion of the rift zone. "Science City" 
and the perimeter of the Haleakala National Park are located five miles 
upslope of the upper boundary of the rift zone. 
Vegetation in the Haleakala Southwest Rift Zone consists of native 
scrub vegetation and some exotic tree plantings as well as substantial 
areas of pastureland with occasional forested areas. The lower 
portions of the rift zone are barren lava with isolated pockets of 
Category 1, exceptional native forest with closed canopy of over 90% 
native cover. 
There is no endangered species habitat in this rift zone, although 
the middle elevations contain some very valuable, although disturbed, 
dry native forest. 
There are five known archaeological sites in or on the perimeter 
of the rift zone: 
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1. Poo Kanaka Stone (site #1021) located near the Kula Highway 
and has been placed on the State Register of Historic Sites; 
2. Puu Naio Cave (site #1009) located on the southwest rift zone 
boundary at an elevation of 1100 feet; also on the State 
Register; 
3. Kalua 0 Lapa Burial Cave (site #1017) located at the eastern 
boundary of the Ahihi-Kianu Natural Area Reserve; 
4. Maonakala Village Complex (site #1018) a coastal village site, 
also within the Natural Area Reserve; 
5. La Perouse Archaeological District located at the southern 
boundary of the rift zone and on the State Register. 
Development of geothermal resources within the grazed 
agricultural zoned portions of the rift zone will result in minimal 
environmental impact since no endangered species habitat is present. 
l'i!akena residential and resort developments, Ulupalakua Ranch 
and upslope, the Haleakala "Science City" may be affected 
aesthetically. Air quality in urbanized areas will not be impacted since 
it is expected, given the current level of technology, that all air 
quality impacts will be abated so as to comply with State Air Quality 
standards for geothermal resource development. 
HALEAKALA EAST RIFT ZONE 
In coastal areas, during tradewind conditions, northeast 
tradewinds prevail during the entire day and night. Wind speeds are 
moderate during the day and light at night. During a non-tradewind 
conditions, the winds are almost calm during the night and light 
during the day. The direction of the wind is. from the south during 
the night and from the west during the day, which is opposite of what 
would be expected under the sea breeze-upslope winds during the day 
and mountain breeze-downslope winds during the night. 
In upper areas, northeast tradewinds continue across the rift 
zone during the day and the night, however mountain breeze 
downslope winds meet the trades somewhere mid-level in the subzone. 
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Under a non-tradewind condition, gentle to moderate daytime sea 
breezes flow upslope and night time mountain breezes move downslope. 
The average annual rainfall in the upper half of the rift zone is 
200 inches with a possible maximum of over 300 inches on the northern 
side of the zone. Rainfall decreases toward the east to 65 inches a 
year at the coast. 
At Hana Ranch the average annual maximum temperature is 80°F, 
and the average anuual minimum is 67. 4°F. 
Extrapolated average annual maximum and minimum temperatures 
at upper elevations are 72.4°F/56,8°F at 2500 feet; and 58.9°F/45.4°F 
at 7000 feet. 
Streams in the Haleakala East Rift Zone are ephermal in spite of 
the high rainfall. The rocks are highly permeable, allowing all but 
the heaviest rains to sink rapidly into the ground. Rising from sea 
level at Hana Bay to the 7000-foot level near the eastern rim of 
Haleakala Crater, the area's rugged topography contains the 
headwaters of the several tributaries of Kawaipapa Gulch along the 
resource area's northern boundary 
southern boundary. The makai 
and Moomoonui Gulch along the 
area contains the intermittent 
Holoinawawae Stream that empties into Hana Bay. 
Dikes occur throughout the middle and lower portions of the rift 
zone. The Underground Injection Control ( UIC) line is set at an 
elevation of 200 feet. 
Property within the rift zone is owned by the Hana Ranch, (lower 
elevations), the State of Hawaii (mid and upper elevations) and the 
United States of America (upper-most elevations). Smaller parcels in 
coastal areas belong to other landowners. 
Lower elevation Hana Ranch land is zoned for agricultural use and 
is grazed. State land above the Hana Forest Reserve Boundary is 
zoned Conservation, Protective and Resource Sub zones and is also 
designated as a Public Hunting area where wild pig and goat can be 
hunted year-round. 
Hana Town and its rural community are located within the 
proposed subzone area along the coast. 
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Forested areas above 3000 feet uniformly consist of Category 1 
exceptional native forest, closed canopy with over 90% native cover. 
Below the 3000-foot level the forest is more disturbed and gradually 
blends into Category 2, mature native forest with over 75% native 
canopy. Below the 1000-foot level the forest gives way to pastureland 
with occasional forested areas. 
Forested areas above the 5000-foot level provide habitat for three 
endangered forest birds, the Maui Parrot bill, the Crested 
Honeycreeper, and the Akepa. Akepa habitat extends to lower 
elevations to the 4200-foot level. 
All known archaeological sites are at or below the 200- foot level. 
Site No. 1078, at 200 feet is a fishing shrine which is on the State 
Register of Historic Places. Six other sites are located at lower 
elevations in coastal areas in rural and urban zoned areas. 
Development of a geothermal resource in the Haleakala East Rift 
Zone in areas other than the grazed agricultural lands below the 1000-
foot level may impact native forest bird habitat and above 4200 feet, 
endangered forest bird habitat. However, development of a geothermal 
resource below the 1000-foot level in grazed agricultural land could 
place a well and power plant as close as 7000 feet from the center of 
Hana Town. Quite clearly, the rural lifestyle of the Hana Community 
could be affected. 
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Figure l. Decrease in Temperature at Various Elevations, Various Locations 
in the State of Hawaii. 
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Figure 2a. Mean Pressure (millibars) and Wind Flow in the Eastern and 
Central North Pacific for July (summer). 
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Figure 2b. Mean Pressure (millibars) and Wind Flow in the Eastern and 
Central North Pacific for January (winter). 
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Figure 4. Endangered Native Flora 
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-75- Figure 5. Endangered Native Fauna 
UNSATURATED ROCK 
Figure 6. Diagram showing perched water, water confined between dikes, 
basal water, and pweched and basal springs (Modified after Stearns 
and Macdona 1 d, 1946). 
Figure 7. Diagrammatic north-south section through Puna District showing 
recharge, movement, discharge, storage and subsurface geology 
of ground water. 
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Figure B. Approximate Loaction of Passive H2S, Radon, and SFU Monitoring Stations (H2Sl-H2Sl3 and RSA-RSD). (SFU-stacked filter unit) 
Source: Houck, l9B4 
Figure 9. HGP-A Noise Characteristics (Source: Yen and Iacofano, Geothermal Energy for Hawaii, 
A Prospectus:, 1981). 
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APPENDIX A 
Criteria for Vegetation Categorization from 
USFWS Mapping Code 
and 
Dominant Species Composition in 
Selected Rift Zones 
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Typical 
Mapping 
Code: 
1 2 3 4 5 6 
\ I I I I I 
o3Me,2nt(W:t1',ni}sng 
1. TREE CANOPY CROWN COVER 
c • closed canopy, most crowns interlocking 
o a open canopy, some or no interlocking crowns 
s ~ scattered trees 
vs • very scattered trees 
2. TREE CANOPY HEIGHT 
)60% cover 
25-60% cover 
5-25% cover 
<5% cover 
1 • low scrub trees, monopodial 
2 ~ scrub trees, moderate stature 
3 • tall stature trees 
2-Sm tall 
5-lOm tall 
)10m tall 
3. TREE SPECIES COMPOSITION. 
a) Species name or association abbreviations 
Ac • Acacia koa (koa) 
Al • Aleurites-moluccana (kukui) 
Ep • Euphorbia sp. ('akoko) 
Me • Metrosideros polymorpha 
Mr • Myrica faya (Firetree) 
My • Myoporum sandwicensis (naio) 
nt a native tree association 
Psc • Psidium cattleianum (strawberry guava, waiawi) 
Sa • Sapindus saponaria (Manele; soapberry) 
So • Sophora chrysophylla (mamane) 
xt • introduced tree association 
b) Species dominance 
Species composition:* 
A 
A-B 
A,B 
.A, B-<: 
. A-B, C 
A-B-<: 
Relative Dominance: 
only A present 
A and B codominant 
A dominant, B subdominant 
A dominant, B and C subdominant 
A and B codominant, C subdominant 
A,B,C codominant 
*Substitute the appropriate species name or association 
abbreviation for the letters A, B, or c. 
4. SPECIES ASSOCIATION TYPE 
D • Dry habitat species 
M • Mesic habitat specie~ 
W • Wet habitat species 
A-3 
5. UNDERSTORY SPECIES COMPOSITION 
a) Species name or association abbreviation (Note: Species 
name abbreviations for trees may also be used if the 
understory is dominated by individuals of that species, 
less than 2m tall~ 
bg ~ structured bog 
mf= matted ferns, Dicranopteris spp.,Hicriopteris sp., 
S ticherous sp. 
mg • mixed native-introduced grasses, sedges, or rushes 
ng • native grasses 
ns • native shrubs 
Pm • Passiflora mollisima (banana poka) 
tf • treeferns, Cibotium spp. (hapu'u) 
xg • introduced grasses, sedges or rushes 
xs • introduced shrubs 
xx • bare ground (at least 25% of the area) 
b) Species dominance (use same format as for tree species) 
6. OTHER INFORMATION 
CATEGORY 
bur • recently burned 
clr • recently cleared or logged 
fum • volcanic fume defoliation 
msc • miscellaneous unit - mix of native and introduced 
species in low elevation areas 
pio • pioneer vegetation, sera! stage on recent lava flow 
sng • many standing dead or defoliated trees 
l c3, c2, or 3 w/tf, o2 w/tf (o3 if dry or mesic) and 
90% or more native species by cover 
2 co3, co2 and 75% native canopy 
(or simply 75% native canopy in non-ohia dominated 
dry and mesic communities) 
ZA s vs 3 or 2, cos vs 1, o2 w/mf and 
50% or more native species by cover 
3 Less than 50% native species or [3] 
Less than 50% ground cover [xx) 
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Hualalai 
Category 1 contains three vegetation compositions. The first type 
consists of an open canopy of tall Metrosideros polymorpha (Ohia 
lehua) dominant to moderate size native trees with mesic habitat native 
shrubs forming the understory. Closed canopies of tall Acacia koa 
codominant with ~letrosideros polymorpha comprise the second 
composition type. Moderate size native trees and an understory of 
mesic native shrubs and introduced grasses also occupy these areas. 
Codominant medium size Sophora chrysophylla (Mamane) and small 
native trees are scattered throughout the third composition type with 
dry habitat native shrubs and mixed grasses forming the underbrush. 
Category 2A covers a large eastern portion of Hualalai. Dry 
habitat native shrubs scattered over bare ground comprises the largest 
section. An area stretching west to northeast of this section also 
contains very scattered Metrosideros polymorpha of moderate stature 
codominant with low standing native trees in addition to the 
underbrush described previously. 
Category 2 generally consists of open and closed canopies of 
moderate to tall Metrosideros polymopha dominant with small to medium 
size native trees although some large areas also contain Acacia koa. 
Either dry habitat native shrubs, mesic native shrubs and introduced 
shrubs and grasses, or wet species of introduced and native shrubs 
and treeferns form the understory. Pioneer vegetation also grows in 
some areas. 
Category 3 encompasses three compositions of vegetation. The 
largest section, lying in the western portion of Hualalai, contains 
scattered tall Metrosideros polymorpha codominant with medium size 
native trees and tall introduced trees. Mesic introduced 
comprise the understory. East of this large section lies a 
grasses 
plot of 
scattered, codominant tall Acacia koa, Metrosideros polymorpha, and 
medium size native trees. The understory consists of mesic introduced 
grasses. A smallplot of cleared land also exists. 
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Mauna Loa Southwest Rift 
Category 1 contains open and closed canopies of tall Metrosideros 
polymorpha dominant to native scrub trees and shrubs. The species 
association type is generally mesic although wet and dry habitat 
species also exist. 
Category 2A contains scattered Metrosideros polymorpha of low to 
moderate stature codominantly associated in some areas with low lying 
native trees. Dry habitat native shrubs scattered throughout bare 
areas are also present. 
Category 2 is dominated by open and closed canopies of moderate 
to tall Metrosideros polymorpha interspersed with low to moderate size 
native trees and an understory of mesic to dry species of natural 
shrubs and introduced shrubs and grasses. Large plots of sub-
dominant Acacia koa are located on the eastern areas while matted 
ferns occupy small areas of the Southern portion of the south west 
rift. 
Category 3 contains large plots of bare land scattered with native 
shrubs. Scattered to very scattered Metrosideros polymorpha of 
moderate to tall stature occupy smaller areas dispersed throughout the 
south west rift. Low to moderate size native trees codominate these 
areas, and introduced shrubs and grasses as well as native shrubs 
make up the underbrush. Tall Acacia koa can be found scattered in 
some areas, co dominant with Ohia and native trees. 
Mauna Loa East Rift (Upper Piihonua) 
Category 1 consists predominantly of closed canopies of tall 
Metrosideros polymorpha with subdominant association of moderate size 
native trees. Small plots also contain tall Acacia koa trees. Mesic to 
wet habitat species of native shrubs and treeferns (Cibotium; hapu'u) 
comprise the underbrush. 
Category 2A contains scattered Metrosideros polymorpha of 
various sizes codominantly associated in some area with native trees. 
Wet and mesic species of natural shrubs occupy most of the understory 
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although one small plot contains dry habitat native shrubs and mixed 
grasses. Large segments of land also have defoliated trees and 
pioneer vegetation. 
Category 2 generally contains open canopies of moderate to tall 
l\letrosideros polymorpha standing alone with mesic species of native 
shrubs and pioneer vegetation occupying the understory. Some 
scattered areas also contain moderate size native trees. Beside the 
native shrubs, matted ferns and defoliated trees occupy small plots of 
wet areas while mixed grasses exist in some of the mesic and dry 
habitats. 
Category 3 compositions are not found in this section. 
Mauna Loa East Rift (Puu Ulaula) 
Category 1 contains two types of vegetation compositions. The 
northern areas consist of closed and open canopies of Acacia koa 
codominant with Metrosideros polymorhpa. Native trees of moderate 
height and mesic habitat native shrubs and mixed grasses also occupy 
these areas. The southern plots contain open canopies of moderate 
size Metrosideros polymorhpa with an understory of dry habitat native 
shrubs. 
Category 2A generally contains scattered to very scattered 
Metrosideros polymorpha of low to moderate height. In small areas, 
very scattered Sophora chrysophylla codominates with Metrosideros 
polymorpha. Scattered Acacia koa of moderate stature also occupy 
small plots codominating with native trees. Dry habitat, native shrubs 
occupy all areas while bare land covers at least 25% of these areas 
especially in the southern part of the rift zone. Mixed grasses also 
inhabitat small, scattered plots. 
Category 2 compositions are scattered throughout this zone. 
These areas contain open canopies of moderate size Metrosideros 
polymorpha. Dry habitat native shrubs and mixed grasses make up 
the understory. 
Category 3 which covers over 50% of this section consists of bare 
ground with scattered native shrubs. 
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Mauna Loa East Rift (Kulani) 
Category 1 contains two major compositions of vegetation. Large 
areas, especially in the eastern parts, are dominated by open and 
closed canopies of tall Metrosideros polymorpha accompanied by 
moderate size native trees and a wet understory habitat of native 
shrubs and treeferns. Open and closed canopies of tall Acacia koa 
codominant with Metrosideros polymorha occupy other large areas. The 
understory contains either mesic native shrubs and treeferns. 
Moderate stature native trees also exist in these areas. 
Category 2A consists of several different compositions. Most 
common are the open canopied and scattered Metrosideros polymorpha 
of low stature with an understory of dry habitat native shrubs 
scattered along bare ground. Western areas contain this combination. 
Pioneer vegetation also inhabits some of these areas. Small plots of 
codominant, scattered Acacia koa of moderate stature and native trees 
occupy the extreme northwest and southwest parts accompanied by an 
understory of dry habitat native shrubs and mixed grasses. A long, 
narrow band running north to northeast consists of bare ground with 
scattered mesic native shrubs and pioneer vegetation. To the extreme 
northeast lie several small plots consisting of scattered Metrosideros 
polymorph a con dominant with moderate size native trees. Wet habitat 
native shrubs and defoliated trees form the understory. The eastern 
portion of this section features three areas containing introduced trees 
either dominant or codominant with Metrosideros polymorpha and native 
trees. Wet species of natural and introduced shrubs and matted ferns 
inhabit the understory of these areas. 
Category 2 contains scattered and closed canopy coverings of 
moderate to tall Metrosideros polymorpha dominant or codomiant with 
smaller native trees. Dry to mesic habitats form the Western area 
underbrush consisting of native shrubs and mixed grasses. Wet 
species of native shrubs and treeferns inhabit the understory of the 
eastern plots. Several eastern areas also contain defoliated trees. 
Acacia koa exist in small plots in the southwest, and pioneer 
vegetation occupies southern and central plots in this region. 
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Category 3 consists of large areas of bare ground with scattered 
native shrubs in the extreme west. Scattered to very scattered Acacia 
koa of moderate to tall stature codominate smaller plots with native 
trees and Metrosideros polymorpha. Mesic to dry native shrubs and 
mixed grasses occupy the understory of these plots. Very scattered, 
tall Metrosideros dominate a recently cleared plot accompanied by mesic 
native shrub and introduced shrubs and grasses. A cleared plot and 
two other unmapped areas are also present. 
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APPENDIX B 
Proposed Revisions to State of Hawaii, Department of Health 
Administrative Rules, Chapter 11-59, Ambient Air Quality Standards 
and Chapter 11-60, Air Pollution Control, covering Geothermal 
Activities. 
Chapter 11-59 includes one-hour standard for H2Sof 100 ppb. 
Chapter 11-60 includes emission standards for geothermal wells and 
geothermal power plants and H2S episode levels. 
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DRAFT-3/22/84 
Amendments to Chapter 11-59, Administrative Rules. 
1. Sll-59-4, Administrative Rules, is amended to read as follows: 
"Sll-59-4 Ambient air gua.lity standards. (a) [InterpretationJ The 
numercial ambient air qua.lity standards below limit the time-iiveraged 
concentration of specified pollutants dispersed or suspended in the ambient 
air of the [state] State, but these standards do not in any manner authorize 
the significant detenora tion of existing air qua.lity in any portion of the 
[sta tel State. 
(bJLApplication.] Limiting concentrations specified for a twelve-
month period or a calendar qua.rter shall not be exceeded. Limiting 
concentrations specified for one-hour three-hour ei ht-hour and twent -
four-hour periods [less than twe ve months sha not be exceed 
than once in any twelve-month period. 
(c) [Carbon monoxide.] In the ambient air the concentration of 
carbon monoxide measured by a reference method shall not exceed: 
(l) An average value of ten milligrams per cubic meter of air 
during any one-hour period. 
(2) An average value of five milligrams per cubic meter of air 
during any eight-hour period. 
(d) [Nitrogen dioxide.] In the ambient air the average 
concentration of nitrogen dioxide measured by a reference method during 
any twelve-month period shall not exceed seventy micrograms per cubic 
meter of air. 
(e) [Suspended particulate matter.] In the ambient air the 
concentration of suspended particulate rna tter measured by a reference 
method shall not exceed: 
(1) [An average value] A geometric mean of [fifty-five] sixty 
micrograms per cubic meter of air during any twelve-month 
period. 
(2) An average value of [ 100] one hundred fifty micrograms per 
cubic meter of air during any twenty-four-hour period. 
(f) [OzoneJ In the ambient air the average concentration of ozone 
measured by a reference method during any one-hour period shall not 
exceed [ 100] one hundred micrograms per cubic meter of air. 
(g) [SUlfur diox1deJ In the ambient air the average concentration 
of sulfur dioxide measured by a reference method shall not exceed: 
(1) An average value of [twenty] eighty micrograms per cubic 
meter of air in any twelve-month period. 
(2) An average value of [eighty] three hundred sixty-five 
micrograms per cubic meter of air in any twenty-four-hour 
period. -
(3) An average value of [400] one thousand three hundred 
micrograms per cubic meter of air in any three-hour periOd. 
(h) [Lead.] In the ambient air the average concentration of lead 
measured as elemental lead by a reference method during any calendar 
qua.rter shall not exceed 1.5 micrograms per cubic meter of air. 
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(i) In the ambient air, the concentration of hydrogen sulfide 
measured b a reference method shall not exceed one hundred thirt -nine 
micrograms per cubic meter o all' in any one-hour period." E • 
November 29, 1982; am ] (Auth: 42 U.S.C. S7410, 7416; 40 
C.P.R. Parts 50, 51; HRS §342-3, 342-22) (Imp: 42 U.S.C. §7407, 7409, 
7410, 7416; 40 C.P.R. Parts 50, 51; HRS §342-22) 
2. Material, except source notes, to be repealed is bracketed. New 
rna terial is underscored. 
3. Additions to update source notes to reflect these amendments are not 
underscored. 
4. These rules shall take effect ten days after filing with the Office of 
the Lieutenant Governor. 
I certify that the foregoing are copies of the rules, drafted in the 
Ramseyer format pursuant to the requirements of section 91-4.1, Hawaii 
Revised Statutes, which were adopted on , and 
filed with the Office of the Lieutenant Governor. 
APPROVED AS TO FORM: 
Deputy Attorney General 
CHARLES G. CLARK 
Director of Health 
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DRAFT-3/22/84 
Amendments to Chapter 11-60, Administrative Rules. 
1. Chapter 11-60, Administrative Rules, is amended by adding a new section, 11--60-23.1, 
to r~d as follows: 
"Sll-60-23.1 Geothermal wells. (a) A well as used in this section and section 11--60-
23.2 means any well which obtains, or is designed to obtain, a geothermal resource. 
(b) Prior to a well being part of a distribution system which supplies a geothermal 
resource to a power plant which has commenced using the geothermal resource, emissions 
from the well shall not be in excess of five pounds of pa.rticula tes, and five poul'!ds of 
hydrogen sulfide, per one hundred pounds of each respective pollutant in the geothermal 
resource. 
(c) After a well is part of a distribution system which supplies a geothermal 
resource to a power plant which has commenced using the geothermal resource, emissions 
from the well of hydrogen sulfide shall not be in excess of two pounds per one hundred 
pounds of hydrogen sulfide in the geothermal resource. 
(d) The owner or opera tor of a well shall obtain an authority to construct and a 
permit to operate as follows: 
ill Prior to commencement of well construction, an authority to construct shall be 
obtained in conformance with subchapter 3, and if applicable, subchapter 4. 
(2) Prior to a well being part of a distribution system which supplies geothermal 
resource to a power plant which has commenced using the geothermal resource, 
a permit to operate shall be obtained in conformance with subchapter 3. 
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(e) This section shall be in effect immediately for any well which has not begun 
actual construction before the effective date of this section. An existing well or one which 
has begun actual construction before the effective date of this section shall be in 
compliance with this section by December 31, 1986." [Eff. ] (Auth: HRS 
SS342-3, 342-22, 342-23) (Imp: SS342-3, 342-22, 342-23) 
2. Chapter 11-60, Administrative Rules, is amended by adding a new section 11-60-23.2 
to read as follows: 
"§11-60-23.2 Geothermal power plants. (a) A power plant as used in this section and 
section 11-60-23.1 means any power plant which uses or is designed to use, a geothermal 
resource. A power plant as defined shall not include the well(s) supplying the geothermal 
resource to the power pia nt. 
(b) Hydrogen sulfide emissions from a power plant shall not exceed two pounds per 
one hundred pounds of hydrogen sulfide in the incoming geothermal resource. 
(c) The maximum allowable increase in hydrogen sulfide concentration in the 
ambient air above natural background level shall be thirty=five ug/m3 as a one-hour average, 
considering all stationary sources except geothermal wells in the area affected by the power 
plant applying for an authority to construct. The maximum allowable increase may be 
exceeded once per twelve-month period at any one location. 
B-6 
(d) No power plant shall consume any part of the thirty-five ug/m3 maximum 
allowable increase until an authority to construct application is certified complete by the 
director. 
(e) The owner or opera tor of a power plant shall obtain an authority to construct and 
a permit to operate in conformance with subchapter 3, and if applicable, subchapter 4. 
(f) This section shall be in effect immediately for any power plant which has not 
begun actual construction before the effective date of this section. An existing power plant 
or one which has begun actual construction before the effective date of this section shall be 
in compliance with this section by December 31, 1986." [Eff. 
§§342-3, 342-22, 342-23) (Imp: HRS §§342-3, 342-22, 342-23) 
] (Auth: HRS 
3. §11-60-35, Administrative Rules, is amended and renumbered to read as follows: 
"[§11-60-35] Sll-60-19 Prevention of air pollution emergency episodes. (a) 
Notwithstanding any other provision of [the air pollution control regulations, this episode 
regulation] this chapter, this section is designed to prevent the excessive buildup of air 
contaminants during air pollution episodes, thereby preventing the occurrence of any 
emergency due to the effects of these contaminants on the pub~ic health. 
(b) [Episode criteriaJ Conditions justifying the proclamation of an air pollution 
alert, air pollution warning, or air pollution emergency shall be deemed to exist whenever 
the director determines that the accumulation of air contaminants in any place is attaining 
or has attained levels which could, if such levels are sustained or exceeded, lead to a threat 
to the health of the public. In rna king this determination, the director [ willl shall be guided 
by the [following] criteria[:] set forth in subsections (c) to (g). 
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[(1)] (c) "Air pollution forecast": An internal watch by the department shall be 
actuated by a national weather service advisory that atmospheric stagnation advisory is in 
effect or the equivalent local forecast of stagnant atmospheric conditions. 
[(2)] (d) "Alert": The alert level is that concentration of pollutants at which first 
stage control action is to begin. An alert [ willJ shall be declared when any one of the 
following levels is reached: 
[(A)] (1) S02 - [800] eight hundred ug/m3 (0.3 ppm), [24-:l twenty-four hour 
avera gel 
[(B)] (2) Particulate matter- [3.0 COHs or 375] three hundred seventy-five ug/m3, 
[ 24-:l twenty-four hour a vera gel 
[(C)] (3) S02 and particulate matter combined - [product of S02, ppm, 24-hour 
average and COHs equal to 0.2 or] product of S02, ugfm3, [ 24-:l twenty= 
four hour average and particulate rna tter, ug/m3, [24-:l twenty-four hour 
average equal to 65xlo3l 
[(D)] (4) CO- [17] seventeen mg/m3 ([15] fifteen ppm), [8-:l eight hour averagel 
[(E)] (5) [Oxidant] Ozone- [200] four hundred ug/m3 ([0.1] 0.2 ppm), [1-:J one hour 
averagel 
[(F)] (6) N02 - [ 1,130] one thousand one hundred thirty ug!m3 (0.6 ppm), [ 1-:l ~ 
hour average; [282] two hundred eight-two ug/m3 (0.15 ppm), [24-:l twenty-
four hour average; or 
(7) H2S- one hundred thirty-nine ug/~ (0.10 ppm), one hour average; 
and meteorological conditions are such that this condition can be expected to continue for 
twelve or more hours. 
[(3)] (e) "Warning'': The warning level indicates that air quality is continuing to 
degrade and that additional abatement actions are necessary. A warning [willJ shall be 
declared when any one of the following levels is reached: 
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[(A)] (l) 502 - [1,600] one thousand six hundred ug/m3 (0.6 ppm), [241 twenty-four 
hour averagel 
[(B)] (2) Particulate matter - [5.0 COHs or 625] six hundred twenty-five ug/m3, 
[241 twenty==four hour averagel 
[(C)] (3) 502 and particulate matter combined - [product of 802, ppm, 24-hour 
average and COHs equal to 0.8 or] product of 502, ug/m3, [241 twenty--
four hour average and particulate matter, ugfm3, [241 twenty-four hour 
average equal to 26lxl03l 
[(D)] (4) CO- [34] thirty-four mgfm3 (30 ppm), [81 eight hour averagel 
[(E)] (5) [Oxidant;] Ozone - [800] eight hundred ugfm3 (0.4 ppm), [H one hour 
averagel 
[{F)] (6) N02 - [2,260] two thousand two hundred sixty ug!m3 {1.2 ppm), [ H one 
hour average; [565] five hundred sixty-five ugfm3 {0.3 ppm), [241 twent;,~ 
four hour average; or 
{7) H2S - one thousand three hundred ninety ug/m! (1.00 ppm), one hour 
average; 
and meteorological conditions are such that this condition can be expected to continue for 
twelve or more hours. 
[ (4)] (f) "Emergency": The emergency level is reached when the warning level for a 
pollutant has been exceeded and.:. 
[(A)] (1) The concentrations of the pollutant are continuing to increase[Ji or 
[(B)] (2) The director determines that, because of meteorological or other facts, the 
concentrations will continue to increase[Ji or 
[(C)] (3) When any one of the following levels is reached: 
((i)] {A) so2 - [2,100] two thousand one hundred ugfm3 (0.8 ppm), [241 
twenty-four hour averagel 
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[(ii)] (B) Particulate matter - [7.0 COHs or 875) eight hundred seventy-five 
ug/m3, [ 24-:1 twenty-four hour a verage1. 
[(iii)) (C) S02 and particulate rna tter combined-[ product of 802, ppm, 24-hour 
average and COHs equal to 1.2 or) product of 802, ug/m3, [24-:1 
twenty-four hour average and particulate matter, ug/m3, [24-:1 
twenty-four hour average equal to 393xl031. 
[(iv)J (D) CO - [46) forty-six mgfm3 ([40) forty ppm), [8-:1 eight hour 
avera gel 
[(v)] (E) [Oxidant) Ozone- [1,200) one thousand ugfm3 (0.6 ppm), [1-j ~ 
hour a verage1. 
[(vi)] (F) N02- [3,000) three thousand ugfm3 (1.6 ppm), one [H hour average; 
[750) seven hundred fifty ugfm3 (0.4 ppm), [24-:1 twenty-four hour 
average; or 
(G) H2S - thirteen thousand nine hundred ug/rnl (10.0 ppm), one hour 
average. 
[(5)] ~ "Termination": Once declared, any [statu!;} episode level reached by 
application of these criteria [Will[ shall remain in effect until the criteria for that level are 
no longer met. At [suclil ~ time, the next lower [statu!ij episode level [wil.U shall be 
assumed." [Eff. November 29, 1982; am and ren SIHi0-19 ) (Auth: HR8 
SS342-3, 342-22; 42 U.8.C. S7407, 7410, 7416; 40 C.F.R. Parts 50, 51, 52) (Imp: HR8 §§342-
3, 342-9, 342-22; 42 U.8.C. §§7407, 7410, 7416; 40 C.F.R. Parts 50, 51, 52) 
2. Material, except source notes, to be replaced is bracketed. New material is 
underscored. 
B-10 
' . "' 
3. Additions to update source notes to reflect these amendments are not underscored. 
4. These amendments to Chapter 11-60, Administrative Rules, shall take effect ten days 
after filing with the Office of the Lieutenant Governor. 
I certify that the foregoing are copies of the rules, drafted in the Ramseyer format pursuant 
to the requirements of section 91-4.1, Hawaii Revised Statutes, which were adopted on 
and filed with the Office of the Lieutenant Governor. 
--------------------
APPROVED AS TO FORM: 
Deputy Attorney General 
CHARLES G. CLARK 
Director of Health 
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APPENDIX C 
ARCHAEOLOGICAL LITERATURE SEARCH 
Kilauea East Rift Zone, (True/Mid Pacific Geothermal Venture, 
Revised Environmental Impact Statement for the Kahaualea Geothermal 
Project, June, 1082, prepared by Tommy Holmes, April 1982). 
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Archaeological Literature Research 
Tommy Holmes 
April 1982 
The following is a brief summary of the findings of a docu-
mentary literature search on the ahupuaa of Kahauale 'a in 
the Puna District of the island of Hawaii. httention is 
given to the entirety of the ahupuaa, though the emphasis is 
on the mauka portions from about 1,500' to 3,800' elevation, 
or roughtly three miles inland to the northern terminus of 
the ahupuaa, just below Kilauea Iki. The present document 
consists of excerpts from a longer report entitled "A Pre-
liminary Report on the Early History and Archaeology of 
Kahauale' a, Puna, Hawaii" prepared by Tommy Holmes for the 
Estate of James Campbell. 
TRAILS 
In Puna, where canoe landing and launching sites were very 
few and extremely dangerous, trails held special signifi-
cance. Given terrain that was alternately rugged lava and 
thick jungle, Puna residents had n? choice but to develop a 
good trail system over which a great part of trade, communi-
cations and transportation occurred. 
Several old trails were known to have either passed through 
Kahauale'a ahupuaa or started at ~orne point outside the area 
or at the coast and penetrated into Kahauale'a for a certain 
distance. At least four of these trails traversed 
Kahauale' a in a rough east-west direction. The trail most 
makai followed the contour of the coastline just a few feet 
from the ocean. 
A second ancient trail called on maps today the Kalapana or 
Volcano-Kalapana Trail crossed Kahauale'a a little more than 
half a mile inland. This was apparently the preferred route 
in traveling from Puna to the Volcano area (although there 
were other routes, e.g. Ellis' path). 
Coming up on this same trail from Puna, one could continue 
on to the Volcano or branch off to the right just below 
Makaopuhi crater to re-enter and recross Kahauale'a at about 
the 2,700-ft. level. About ten miles inland, this ancient 
trail, called the Glenwood-Makaopuhi Trail on today's maps, 
took one through to Keeau and Ola' a and eventually back to 
Hilo. 
The fourth ancient trail, used by Capt. Wilkes' party in 
1840, apparently began just to the east of Makaopuhi and 
traversed Kahauale'a at about the 2,200-ft elevation, passed 
just north of Kalalua crater and continued down the rift 
zone. 
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Hudson also mentions an "old trail across the lava flow 
south of Makaoiki [a heiau in Kahauale'a about a mile 
inland]. 
Makai-mauka trails are shown on U.S. Geological survey ma~s 
compiled in 1912 and 1922. A single trail begins at the 
coast on the border of Kahauale' a and Kapaahu ahupuaa and 
runs inland for about three miles in a roughly northerly 
direction before it branches. The major branch, called the 
Kapaahu trail, continues into Kahauale'a till about the 
1, 500-ft. elevation where on the map it terminates. The 
branch trail fairly closely parallels the Kapaahu trail 
before it too seems to end at about the same elevation. 
Most likely one or both trails might have at one time gone 
considerably further inland serving bird-catchers, canoe-
makers, upland farmers, forest product gatherers, travelers, 
etc. Chester Lyman reported in 1846, taking a trail that 
appears to have started at the coastal village of Kahauale'a 
and continued almost due north into the interior of 
Kahauale'a and back to Hilo. 
Indeed there were probably a number of coast-inland trails 
that accessed the archaeological sites, reported as far as 
three miles or more inland on neighboring ahupuaa of 
Kahauale'a. That some would have gone inland up the 
Kahauale'a corridor is very likely. 
The manufacture and export of pulu, the soft,· wooly sub-
stance found at the base of hapuu ferns, was, according to 
Thrum, an important industry from 1851 to 1884. Most pulu 
came from an extensive tract of fern and ohia forest in the 
Kilauea vicinity. Brigham noted that, "In the early sixties 
(1860's] the business of picking and packing pulu had become 
so important that trails cut by the many natives thus 
employed opened the crater country far more than ever 
before." 
SITES 
As mentioned previously, most known sites in Kahauale'a are 
found quite close to the shore. The most seaward is a canoe 
ladder site, one of several along the cliff-bound coast of 
Puna. 
Considering the numerous ahupuaa that make up the Puna 
District, the reported presence of three heiaus in 
Kahauale'a alone, where many other Puna ahupuaa, often more 
populous, had none is of some interest. 
Located within a couple of hundred yards 
adjoining Waikupanaha pond is what Hudson 
heiau. 
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from the sea 
calls Waiaka 
A second heiau, called Punaluu, unquestionably in Kahauale'a, 
was quite large and complex. 
The other reported heiau in Kahauale'a, called by Thrum and 
Hudson, Makaoiki, was located "about a mile inland !rom 
Kupaahu village ... in the middle of an aa flow. The adjacent 
graves are pits sunk in the surface of the flow. Hudson 
also notes a "former burial cave, a short distance south of 
site 179 [Makaoiki]. The cave is known as "Kalua Makini". 
In the land of Pulama (on old maps the ahuouaa bordering 
Kahauale' a to the west) Hudson reports a heiau, Makaiwa, 
three miles from the sea. Thrum calls it an "~puolono" or 
agricultural-type heiau. Early Hawaiian scholar s. M. 
Kamakau says such "ipuolono heiaus ... temples, or more prop-
erly household shrines, were to foster food. 
Mention of this heiau, though it is not in Kahauale'a, is 
made here for two reasons. · 
First: The location of Makaiwa h,eiau three miles inland, 
coupled with the location of several other heiau in the 
southwest Puna area that Hudson places nearly as far inland, 
strongly suggest that there was significant activity in 
Kahauale'a and nearby ahupuaa well inland of what was 
expected when the present study was initiated. 
Second: At three miles from shore, Makaiwa heiau and atten-
dant sites are almost to the furthest inland reaches of 
Pulama which is bounded by a dog-leg of Kahauale' a to the 
north. In fact, Makaiwa heiau and the other sites are 
located just a few hundred yards outside Kahauale'a. Hudson 
notes that in support of the classification of Makaiwa as an 
" ipuolono" heiau are "the many old agricultural workings 
found nearby [that] indicate that the purpose of the heiau 
was to protect and fructify the crops". He goes on to say 
"In the neighborhood of Makaiwa heiau are a number of plat-
forms, house sites, terraces, pens, and walls. 
To extrapolate that there might be sites or site complexes a 
few hundred yards away in Kahauale' a, at the same distance 
or more inland, is not unreasonable. 
UPLAND SITES 
It is, in fact, at the elevation of Makaiwa heiau and 
accompanying sites that Jim Jacobi [personal commun~cation 
1982] reported during a bird survey done in the late 1970's, 
seeing a number of sites. His recall is that these sites 
were about l~ to 2 miles below Kalalua Crater situating them. 
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in Kahauale'a at about 1200'-1500' elevation, 3~ to 4 miles 
inland, ana by crude calculation relatively near the Makaiwa 
heiau complex. 
Moving up in elevation Mr. Jacobi also recalled seeing a 
scattering of apparent sites immediately mauka of Kalalua 
Crater. He also reported part of the ancient trail that 
Wilkes' party used as still being in evidence in this Kala-
lua vicinity. Lastly, he recalls seeing certain cultigens, 
particularly the ti plant, growing in the Kalalua area, 
further suggesting one time agricultural activity. 
Handy recorded information regarding the extent of inland 
agricultural activity in western Puna in 193 5, when there 
were still individuals living who were familiar with Puna's 
early history. According to his informants, there is very 
strong evidence for agricultural activities well inland in 
Kahauale'a. "Lana northeast of Kapa'ahu [that, according to 
Handy's informants] ... usea to be covered with plantations" 
is adjacent and virtually identical in terms of terrain and 
vegetative cover to the lower mauka portions of Kahauale'a. 
The description of Kaho'onoho at least 2.5 miles into 
Kahauale'a's forested interior, and Wala'ohia, also consid-
erably inland, as "the two great forest planting areas in 
Kahauale' a" rather pointedly suggests upland agricultural 
activity in Kahauale'a. Similarly, the Kupahua homesteading 
area, upper Kalapana and upper Kaimu are all three to four 
miles inland, quite c;:lose to Kahauale' a, and similar in 
nature of terrain and vegetation. Supporting Handy's obser-
vations on agricultural activity in western Puna are other 
references, some already noted and more below. 
Two other references 1 if calculations and assumptions are 
correct, would place agricultural activities well into 
Kahauale'a's interior. An "extensive upland taro patch" 
referred to in 1841 by Capt. Charles Wilkes, head of the 
U .. ·s. Exploring Expedition, was apparently in Kahauale' a, 
probably at about 2,000' to 2,200' elevation. 
Chester Lyman, who traveled through Puna in 1846 with 
Rev. Coan, also reports a plantation about five miles inland 
iri Kahauale' a .J 
At 10 miles he makes note of "a small grass shanty" that 
could have been a temporary abode for travelers, farmers, or 
forest product gatherers. 
At Panau, a small village near Kahauale' a at about 2, 500' 
elevation and just below Napau crater, there was also agri-
cultural activity. Rev. William Ellis, traveling in 1823 
through what appears to be the Panau area, says "The natives 
ran to a spot in the neighborhood, that had formerly been a 
plantation, and brought a number of pieces of sugar-cane ... " 
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That there was a permanent village this far inland (about 5 
miles) and within minutes of walking time from Kahauale 1 a, 
would lead one to suspect that permanent and temporary 
inhabitants of Panau made regular trips into Kahauale 1 a for 
various forest products. 
Wilkes, in 1941, says of Panau that "Here many canoes are 
built and transported to the sea, the trees in the vicinity 
being large and well adapted to this purpose. What this and 
other canoe related references suggest is that logging koa 
trees for canoe hulls and procuring wood for other canoe 
parts might well have been another inland forest activity 
within Kahauale 1 a. 
The pre- and early post-contact native forest regime of 
mauka Kahauale 1 a, with its extensive ohia canopy provided a 
near ideal habitat for many of the birds sought after by 
bird-catchers, kia manu. Feathers from certain birds were 
made into the h~ghly-prized feather work artifacts of the 
ali 1 i - capes, cloaks, helmets, kahili, etc. 
Early Hawaiian scholar, N. B. Emerson writing in 1895 about 
bird-catching considered Kilauea, Puna, and upper Hila 
amongst the most desirable bird-catching areas in the 
islands, implying that Kahauale 1 a by its location (in Puna 
and contiguous with Kilauea) and type of vegetative, cover 
was ideal bird country. 
Hudson, while not mentioning Panau by name, says that "a few 
sites were also found in the upland forest region around 
Makaopuhi and Nap au craters at an elevation of about 2, 700 
feet 6 miles from the sea". Unfortunately, he does not 
elaborate further on just where the sites were located or 
what type they were. He does, though, go on to describe 
other suspected and known sites, including a t?ulu factory, 
and possible religious and habitation sites ~n the Panau 
village vicinity. 
These sites would all be very close to the border of 
Kahauale 1 a. Ellis mentions in 1923 a heiau to Pele near 
Kilauea-iki which is all but contiguous w~th the northern-
most terminus of Kahauale 1 a. 
Whatever the exact location of these other inland sites the 
point is firmly made. There was a variety of activities, 
such as canoe building, agriculture, and birdca tching, in 
the greater volcano area and regular travel through it along 
several trails. Kahauale 1 a mauka was an integral part of 
the physical and resource bounds of these early inhabitants, 
temporary workers, and transients. In summary, it would not 
be unreasonable to expect that there are archaeological 
sites in the mauka portions of Kahauale 1 a. 
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APPENDIX D 
ARCHAEOLOGICAL SITES IN GEOTHERMAL RIFT ZONES 
D-1 
Source: Department of Land and Natural Resources, Division of 
State Parks, Historic Site Section maps and site records as of July, 
1984. 
Site Number 
KILAUEA EAST RIFT ZONE 
10-52-5508 
10-60-7371 
10-60-7372 
10-68-7361 
10-69-7362 
10-68-7370 
19-53-7414 
10-68-4310 
10-68-4368 
10-68-4370 
50-10-46-4295 
10-45-7387 
50-10-46-4250 
50-10-46-4251 
50-10-46-7492 
50-10-46-2501 
50-10-46-4278 
50-10-55-7388 
50-10-46-2500 
50-10-46-4294 
50-10-46-4254 
50-10-46-4255 
50-10-46-2529 
Description 
Old Volcano House #42 
(National Register) 
Kapapala Ranch Manager's House 
Kapapala Ranch Complex 
Punaluu Landing and Railroad 
Terminal 
Pahala District 
Site of former Opukahaia House 
Volcano Residential District 
Wailau Complex 1 
Koloa Complex 
Luu Complex 
Pualaa Complex II 
Puulaa Congregational Church 
Kings Cairns 
Kumakahi Grave Sites 
(State Register) 
Lyman Marker 
Kapoho Petroglyphs 
(State Register) 
Kahuwai Village Complex 
Pahoa District 
Kukii Helau 
Pualaa Complex I 
Kapoho Pt. Platform 
S. Kapoho Pt. Complex 
MacKenzie Petrogyph Filed 
(State Register) 
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MAUNA LOA SOUTHWEST RIFT 
10-73-7353 
10-73-7357 
10-66-7313 
10-66-7314 
10-66-7315 
10-66-7316 
10-66-7317 
10-66-7318 
10-66-7311 
10-66-7312 
10-66-7365 
10-71-2162 
10-72-3700 
10-73-7364 
10-72-2161 
Kahuku Ranch House 
Captain Robert Brown Marker 
Tobacco Barn 
Kana House #10 
Rona House #11 
Hoopuloa Church Site 
I. M. Littorin House 
Rona House #12 
Tobacco Barn & Slaughter House 
~.lcWayne House 
C. Q. Yee Hop Lumber Mills 
Lava Tube Complex 
(State Register) 
Kalanamauna Upland Complex 
(State Register) 
Kamoa Homestead House 
Keawaiki Complex 
(State Register) 
IVJAUNA LOA EAST RIFT ZONE-no sites indicated 
HUALALAI-no sites indicated 
HALEAKALA EAST 
50-50-13-1078 
50-50-13-1482 
50-50-13-1485 
50-50-13-107 
50-50-13-109 
Kalapuni Ko'a 
(State Register) 
Ka 'uiki Hill 
Kawaipapa Complex 
(State Register) 
\Vaikaloa Platform 
(State Register) 
Kauleiula Heiau 
(State Register) 
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50-50-13-110 
50-50-13-1487 
50-50-13-117 
50-50-13-522 
50-50-13-573 
50-50-13-1491 
Kauleilepo Heiau 
(State Register) 
Noa Fishponds 
(State Register) 
Koahaepali Heiau 
Aleamai Enclosure 
(State Register) 
Ka Iwi 0 Pele Complex 
Kainalimu Enclosure 
(State Register) 
HALEAKALA SOUTHWEST RIFT ZONE 
50-50-14-192 
50-50-14-1017 
50-50-14-1018 
50-50-14-1021 
50-50-14-1009 
50-50-14-1385 
50-50-14-1006 
50-50-14-1019 
50-50-15-572 
50-50-14-1234 
50-50-14-1235 
Papanuiokane Heiau 
Kalua 0 Lapa Burial Cave 
Maonakala Village Complex 
(State Register) 
Poo Kanaka Stone 
(State Register) 
Puu Naio Cave 
(State Register) 
La Perouse Archaeological District 
(State Register) 
Kanaio Mauka Complex 
(State Register) 
Paako Point Ko'a 
Hoapili Trial 
(State Register, National Register 
nomination) 
Kaipolohua Cave 
(State Register) 
Cave of Seven Coffins 
(State Register) 
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APPENDIX E 
VISUAL IMPACT ANALYSIS 
(Truenlid Pacific Geothermal Venture, Revised Environmental 
Impact Statement for the Kahaualea Geothermal Project, June 1982). 
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VISUAL IMPACTS 
Concern has been raised about the possible adverse impact that the power 
plants might have on the vistas within the Hawaii Volcanoes National Park 
(HVNP). The EIS addresses this issue in Sections 5 and 6. To further 
document the very minimal visual impacts of the project facilities, an area 
terrain analysis was made to determine locations outside of the property 
from which the facilities could be seen. Figure 1 shows the "observer 
locations" around the Park used in the terrain analysis. Figures 2 through 
7 represent visual perspectives from selected observer stations. 
Points were chosen at 100-foot elevation increments along the approach road 
to the Park (Volcano Highway) as well as the nearby public roads in the 
Park. For each of these points, a view 1 ine was calculated from an 
observer (whose eyes were considered to be 10 feet above the road) to the 
top of an 80-foot high power plant (A, 8, C or D) or a 65-foot high power 
plant (E). In almost all cases, this view line went below the surface of 
the ground between the observer and the power plant. Two exceptions to 
these results occur (1) in the immediate vicinity of the entrance road to 
the dump site (transfer station) along the Volcano Highway about 2.5 miles 
east of the Volcano community (Station 7} and (2) a 1,500-foot section of 
the Chain of Craters Road just as it starts over the Kalanaokuaiki Pali 
near the turn-off to the Ainahau Ranch where a view corridor is present in 
which the upper 20 feet (mare or less} of a power plant at Site E could be 
seen. 
View lines were also calculated far points along the Napau Crater Trail as 
well as for other points north of this trail between the trail head and 
Puu Kamoamoa. The power plants would be visible from about half of the 
length of this trail as well as from many points in the barren lava fields 
of the area. Based upon this analysis as well as visual inspection of air 
photos and maps, it is estimated that one or more power plants may be 
visible from about 30 percent of the rift zone area north of the trail in 
E-3 
this region. To the south of the Napau Trail, the power plants cannot be 
seen except from a few high points due to the abrupt change of regional 
slope. Even when the power plants are visible, they are at distances of 
one to six miles and thus they would not be significant intrusive features 
with proper design and construction considerations. In no case are they 
expected to be seen as a silhouette on the horizon, but instead, they would 
be a feature in the middle to far distant background. 
Since the primary visual concern revolves about the possible view of the 
power plants from publicly accessible view points in the park where large 
numbers of tourists wouid likely visit, a series of profiles or visual 
perspective were constructed to show that the view lines from these points 
are blocked. Perspectives are shown in Figures 2 to 7. lt should be noted 
that no correction for trees has been incorporated into these perspectives. 
If the trees are included, only Plant E could be viewed from any nearby 
road in the park or those immediately outside the park. (Observers on the 
Mauna Loa strip road at a distance greater than 10 miles may be able to see 
one or more of the plants once they go above 6,000 feet.) For PlantE, the 
only areas of visibility from publicly a~cessible roads are from the Napau 
Trail parking lot and access road and the portion of Chain of Craters Road 
immediately to the south of Pauahi Crater and north of the Aina Loa Ranch 
turnoff. 
lt is possible that the moist warm air from the cooling towers will 
condense as it rises under certain atmospheric conditions to form a small 
cloud mass similar to that often observed near cracks and puu's along the 
remote part of the East Rift Zone east of Mauna Ulu under the same 
conditions. During normal atmospheric conditions, no visible vapors are 
expected from the cooling towers. 
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BOARD OF LAND AND NATURAL RESOURCES 
STATE OF HAWAII 
In the Matter of the 
Designation of the Kilauea ) 
Upper East Rift, Island of 
Hawaii, as a Geothermal 
Resource Subzone 
) G.S. No. 8/27/84-1 
) 
) 
) 
________________________ ) 
This matter having come on for a contested case hearing before 
the Board of Land and Natural Resources of the State Department of 
Land and Natural Resources, and the Board having considered the 
testimony and evidence presented with due regard to the qualifications 
and credibility of the witnesses, makes its Findings of Fact, 
Conclusions of Law, Decision, and Order in this matter. 
A. FINDINGS OF FACT 
1. BACKGROUND 
1.1 Legal Authority to Designate Geothermal Resource Subzones 
1) Act 296, SLH 1983, relating to geothermal energy was signed 
into law on June 14, 1983 and provides the legal basis for designating 
geothermal resource sub zones. (State Ex. 4, Introduction) 
2) Under Act 296, SLH 1983, the Board of Land and Nat ural 
Resources is assigned the responsibility of designating geothermal 
resource subzone in the State of Hawaii. (Act 296, SLH 1983, Section 
1) 
3) Section 3 of Act 296, SLH 1983, requires the Board to 
"adopt, amend, or repeal rules related to its authority to designate 
and regulate the use of geothermal resource subzones in the manner 
provided under chapter 91." This mandate is provided for under the 
Administrative Rules, Title 13, Chapter 184, "Designation and 
Regulation of Geothermal Resource Subzones" of the Department of 
Land and Natural Resources. 
4) Act 151, SLH 1984, clarified various aspects of existing 
geothermal development activities within the State and the roles of 
State and County governments. 
1. 2 Objectives and Provisions of Act 296, SLH 1983 
1) In enacting Act 296, SLH 1983, the Legislature found that the 
development and exploration of Hawaii's geothermal resources is of 
statewide concern and that this interest must be balanced with 
interests in preserving Hawaii's unique social and natural environment. 
(Act 296, SLH 1983, Section 1) 
2) The BLNR shall propose areas for potential designation as 
geothermal resource subzones based upon a preliminary finding that 
the areas are those sites which best demonstrate an acceptable balance 
between the factors set forth in Act 296. 
3) Once sub zones are established, all geothermal activities 
including the exploration, development, and production of electrical 
energy may be conducted only in the designated geothermal resource 
sub zones. 
* 
4) Some of the highlights of Act 296, SLH 1983 include: 
Provides for the designation of Geothermal Resource Subzones in 
each of the four State land use districts--conservation, 
agriculture, urban, and rural. 
* The Board of Land and Natural Resources shall adopt 
administrative rules to designate geothermal resource subzones. 
* The administration of the use of subzones for geothermal 
development activities shall be governed as follows: 
* 
* 
* 
* 
* 
* BLNR for conservation districts. 
* Existing State and County laws for agriculture, urban, and 
rural districts. 
No Land Use Commission approval is necessary for the use of 
sub zones. 
Provides for contested case hearing. Upon request, the hearing 
shall be conducted by the BLNR or County agency prior to the 
issuance of a geothermal resource permit. 
Any property owner may petition the BLNR to have an area 
designated as a geothermal resource subzone. 
An EIS is not required for the assessment of areas. 
The BLNR beginning in 1983 shall conduct a county-by-county 
assessment of potential geothermal resource development areas. 
The assessment shall be revised or updated at the discretion of 
the BLNR once every 5 years beginning in 1988. 
(State Ex. 14, pp. 2, 3) 
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1. 3 Title 13, Chapter 184 Designation and 
Regulation of Geothermal Resource Subzones 
In accordance with Chapters 91 and 205, Hawaii Revised Statutes, 
and Act 296, SLH 1983, public hearings on the "Proposed Rules for 
the Designation and Regulation of Geothermal Resource Subzones" were 
held on May 22, 1984, on all islands by the State Department of Land 
and Natural Resources. 
These rules, formally adopted on July 13, 1984, describe the 
procedure for initiating the designation of sub zones, establishing 
criteria, providing for the modification and withdrawal of existing 
sub zones, and providing for the regulation of geothermal resource 
subzones. (State Ex. 14, pp. 3, 4) 
1. 4 Objectives and Provisions of Act 151, SLH 1984 
On May 25, 1984, Act 151, SLH 1984, was signed into law. This 
Act clarifies the rights of existing lessees holding geothermal mining 
leases issued by the State or geothermal developers holding 
exploratory and/ or development permits from either the State or 
County governments. Act 151, SLH 1984, also clarifies the respective 
roles of the State and County governments in connection with the 
control of geothermal development within geothermal resource subzones. 
* 
* 
* 
* 
* 
* 
Permits geothermal development activities within urban, 
rural, agricultural, and conservation land use districts. 
Defines geothermal development 
development or production 
geothermal resources." 
activities as "the exploration, 
of electrical energy from 
Existing leases within an agricultural district which were 
issued a special use permit by the County for geothermal 
development activities, is declared a geothermal resource 
subzone for the duration of the lease. 
Clarifies the governing jurisdiction of the State and County 
governments in the geothermal development approval process, 
and also exempts the permit process from special use permit 
procedures under section 205-6. 
Clarifies the issuing County agency by defining "appropriate 
county authority" as the "county planning commission unless 
some other agency or body is designated by ordinance of the 
county council." 
Further clarifies the roles of the State and County 
governments in connection with land use designations, as 
well as conduct of a permit approval process. 
-3-
* 
1.5 
Mandates that the county authority, in the absence of a 
mutually agreed upon extension, must provide a decision on 
a complete and properly filed application within 6 months. 
(State Ex. 14, p. 4) 
Criteria for Assessment of Potential 
Geothermal Resource Subzones 
Pursuant to the provisions of Act 296, SLH 1983, a county-
by-county assessment of areas with geothermal potential for the 
purpose of designating geothermal resource subzones was made which 
addressed the various factors as given below: 
1. The area's potential for the production of geothermal energy; 
2. The prospects for the utilization of geothermal energy in the 
area; 
3. The geologic hazards that potential geothermal projects would 
encounter; 
4. Social and environmental impacts; 
5. The compatibility of geothermal development and potential 
related industries with present uses of surrounding land and 
those uses permitted under the general plan or land use 
policies of the county in which the area is located; 
6. The potential economic benefits to be derived from 
geothermal development and potential related industries; and 
7. The compatibility of geothermal development and potential 
related industries with the uses permitted under sections 
183-41 and 205-2, where the area falls within a conservation 
district. 
In addition, the board considered, where applicable, objectives, 
policies and guidelines set forth in part I of chapter 205A, and the 
provisions of chapter 226. (State Ex. 14, p. 3) 
1. 6 Assumptions and Constraints 
In implementing the provisions of Act 296, various assumptions 
were made and constraints were encountered. 
1) Methods for assessing the factors or criteria were left to the 
discretion of BLNR. (Act 296, Section 3) 
2) The assessment was on currently available public 
information. (Act 296, Section 3) 
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3) Information available varied in its content, detail, 
quantum; that is, considerable information was available 
some factors while minimal information was available 
others. 
and 
for 
for 
4) BLNR was responsible to designate geothermal resource 
sub zones with its existing staff since the Legislature, in enacting Act 
296, did not provide funds for the implementation of the Act. (State 
Ex. 4, p. 9) 
a. The Division of Water and Land Development was assigned 
the task by BLNR of compiling information, and providing 
data to be used in the Board's assessment of the criteria by 
statute. (State Ex. 4, p. 6) 
5) The BLNR was required to separately conduct an assessment 
of the area described on maps attached to the Board's decision and 
order, dated February 25, 1983, which was the subject of a CDUA 
permit, and to make its determination regarding the designation of all 
or any portion of the area, as a geothermal resource subzone, on or 
before December 31, 1984. 
6) The following DLNR records and files are incorporated in the 
contested case hearing herein: 
a. CDUA No. HA-3/2/82-1463 filed by the Estate of 
James Campbell. 
b. All transcripts for Public Informational Meetings and 
Public Hearings held as part of the Geothermal 
Subzoning Process. 
7) The procedure used to assess and evaluate potential 
geothermal resource areas included the following four phases. 
Phase I. Statewide Geothermal Resources Assessment 
This phase focused upon geotechnical information, its 
interpretation and analysis of potential geothermal resources on all of 
the major islands. Due to the time constraint of completing the work 
by December 1984, available studies were heavily used with minimal 
new studies and data gathering. First-cut sub zones based only on the 
availability of geothermal resources were mapped to conclude Phase I 
work. 
Phase II. Social, Economic, Environmental, and Hazard Impact Analysis 
Impact analysis of social, economic, environmental, and hazard 
was conducted on the first-cut subzones completed in Phase I. 
Overlay mapping of the impacts was used extensively to identify highly 
sensitive impact areas. Adjustments to the first-cut sub zones were 
made to conclude Phase II work. 
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Phase III. Public Participation and Information 
This phase extensively involved communities located in close 
proximity to the identified sub zones. Informational meetings were 
conducted to explain the technical work and the impact analyses. 
Comments from the public were solicited and further adjustments to the 
subzone made. 
Phase IV. BLNR Designation of Geothermal Resource Sub zones 
This phase involved the Board of Land and Natural Resources. 
Briefing sessions were conducted by the staff on both the technical 
analysis and the impact analysis. Public input was described and 
documented. (State Ex. 4, p. 5, testimony of Robert T. Chuck.) 
8) The Geothermal Subzoning process is a zoning effort rather 
than a specific geothermal facility proposal. 
9) Subsequent permitting process, mandated in Act 296, will be 
on a case-by-case, site-by-site basis. 
8) Mitigation of impacts will be on a case-by-case basis. 
1.7 Chronology (State Ex. 14) 
1) February 23, 1984 - Decision and Order issued by BLNR on 
CDUA No. HA-1463, to allow exploration of the Kahaualea section of 
the Kilauea East Rift Zone for geothermal resource. 
2) June 14, 1983 - Act 296, SLH 1983 relating to geothermal 
energy signed into law by Governor George R. Ariyoshi. 
3) April 16, 18, 1984 - DLNR issued Public Notice requesting 
information relating to geothermal resources in an effort to maximize 
the base of available data pertinent to its evaluation of criteria set in 
Act 296, SLH 1983. Public information meetings on geothermal 
resource locations and identification of impact issues were held on the 
following dates at the locations indicated. 
May 8, 1984 - Hilo, Hawaii 
May 9, 1984 - Kahului, Maui 
May 29, 1984 - Hilo, Hawaii 
May 30, 1984 - Kahului, Maui 
July 10, 1984 - Pahoa Community Council 
July 11, 1984 - Volcano Community Association 
4) May 25, 1984 - Act 151, SLH 1984 clarifying provisions of Act 
296, signed into law. 
5) The proposed geothermal resource sub zones were published 
for review by the public and public hearings held on the following 
dates at the locations indicated. 
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a. Aug. 7, 1984 - Pahoa Elementary School Cafetorium, Pahoa, 
Hawaii- 7:00 p.m. 
b. Aug. 8, 1984 - Hilo State Office Conference Room, Hilo, 
Hawaii - 9:00 a.m. 
c. Aug. 8, 1984 Hawaii Volcanoes National Park, Visitor 
Center Auditorium - 7:00 p.m. 
d. Aug. 9, 1984 - Kula Elementary School, Kula Highway, Maui 
- 7:00 p.m. 
6) Aug. 8, 1984 - Initiai request for contested case hearing 
made at public hearing held at Hawaii Volcanoes National Park. 
7) Nov. 16, 1984 - BLNR designates Kilauea Lower East Rift 
Zone and the Haleakala Southwest Rift Zone as Geothermal Resource 
Sub zones. 
8) Dec. 31, 1984 - Deadline for BLNR to make decision on 
designating the the Kilauea Upper East Rift Zone as a geothermal 
resource subzone pursuant to Act 151, SLH 1984. 
9) 1988 - BLNR to conduct a county-by-county assessment of 
potential geothermal resource areas and revise or update its 
findings at its discretion. (BLNR is required by law to reassess 
and revise, as necessary, their findings every five years.) 
1.8 Geothermal Subzoning Process (State Ex. 14) 
1) Based upon currently available information on geothermal 
resources, twenty separate areas in the State of Hawaii were identified 
as having potential geothermal resources. Of these, five sites on the 
island of Hawaii and two on the island of Maui were determined to have 
sufficient probability of locating high temperature geothermal resources 
with the potential of producing electrical energy. 
2) High temperature is defined to be greater than 125 degree 
celsius or 257 degree fahrenheit at depths less than 3 kilometers or 
9,840 feet. 
3) After subjecting the seven areas to impact analysis by 
exammmg factors on geologic hazards, social and environmental 
impacts, compatibility with present uses of surrounding land, potential 
economic benefits, and compatibility with conservation areas, it was 
concluded that three areas warranted consideration for designation of 
geothermal resource subzones by the Board of Land and Natural 
Resources under authority of Act 296, SLH 1983 and Act 151, SLH 
1984: 
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Kilauea Lower East Rift Zone, Island of Hawaii 
Kilauea Upper East Rift Zone, Island of Hawaii 
Haleakala Southwest Rift Zone, Island of Maui 
4) A series of public information meetings were held during the 
course of the assessment: 
May 8, 1984 
May 9, 1984 
May 29, 1984 
May 30, 1984 
July 10, 1984 
July 11, 1984 
- Hilo, Hawaii 
- Kahului, Maui 
- Hilo, Hawaii 
- Kahului, Maui 
- Pahoa Community Council 
- Volcano Community Association 
5) The proposal to designate the three areas (Kilauea Lower East 
Rift Zone, Kilauea Upper East Rift zone, and Haleakala Southwest Rift 
Zone) indicated was published in July, 1984 for review by the public, 
and public hearings were held to receive comments on the proposal: 
August 7' 1984 - Pahoa Elementary School Cafetorium 
Pahoa, Hawaii-7:00p.m. 
August 8' 1984 - Hilo State Office Conference Room 
Hilo, Hawaii- 9:00 a.m. 
August 8' 1984 - Hawaii Volcanoes National Park 
Visitor Center Auditorium - 7:00 p.m. 
August 9, 1984 - Kula Elementary School 
Kula Highway, Maui - 7:00 p.m. 
6) On November 16, 1984, the Board of Land and Natural 
Resources designated the Kapoho and Kamaili Sections of the Kilauea 
Lower East Rift Zone and the Haleakala Southwest Rift Zone as 
geothermal sub zones. 
7) The proposal to designate the Kilauea Upper East Rift Zone 
was not presented at the December 16, 1984 Land Board meeting , in 
order to comply with requests for a Contested Case Hearing on the 
proposed designation. 
1. 9 Description of the Geothermal Resource Subzone, 
Kilauea Upper East Rift Zone 
1) The Kilauea Upper East Rift Zone, Island of Hawaii, is a 
portion of the Kilauea Rift Zone which extends from Pahala at its 
southwest and to Kapoho on the east. (State Ex. 14, p. 50) 
2) The Kilauea Upper East 
"Conservation, Urban, and Agriculrtural 
Use Commission. (State Ex. 10, p. 55) 
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Rift Zone is designated 
Districts" by the State Land 
a. The Kilauea Upper East Rift Zone designated "Conservation 
District" is further designated as "Protective, Resource, and 
Limited Sub zones. 11 
3) Lands within the Kilauea Upper East Rift Zone are owned by 
four large area landowners: (State Ex. 10, p. 55) 
--United States of America (Hawaii Volcanoes National Park) 
--State of Hawaii 
--Bishop Estate 
--Campbell Estate 
4) The Kilauea Upper East Rift Geothermal Resource Subzone is 
a 5300-acre area located in the Ahupuaa of Kahaualea, encompassing an 
area between the elevation of 2000 and 3000 feet as shown on Figure 1 
and 2 attached hereto. (State Ex. 13 and 14) 
5) The Kilauea Upper East Geothermal Resource Subzone is 
separated by a 2000-foot buffer zone from the Hawaii Volcanoes 
National Park on the southwest and by a 2000-foot buffer zone from 
the Wao Kele 0 Puna Natural Area Reserve on the northeast. 
Surrounding land uses include the Volcano and Royal Gardens 
Subdivisions and the forested areas of Kahaualea. (State Ex. 13, p. 
71) 
6) The Kilauea Upper East Rift Geothermal Resource Subzone is 
zoned "Conservation District" and "Limited Subzone". 
7) The Kilauea Upper East Rift Geothermal Resource Subzone is 
identified as a portion of TMK: 1-1-01:1 at Kahaualea, Puna, Hawaii 
containing approximately 5300 acres, as shown on Figure 1 and 2 
attached hereto. 
8) The Estate of James Campbell claims the fee ownership of the 
lands within the Kilauea Upper East Rift Geothermal Resource Subzone 
subject to the reservation of all mineral and metallic mines contained in 
the original patent and the reservation of the rights of tenants in the 
land award. (Application for CDUA No. HA-3/2/82-1463) 
9) The Kilauea Upper East Rift Geothermal Resource Subzone 
includes the 800-acre area authorized by the BLNR for exploration by 
the Estate of James Campbell as shown on Figure 2 attached hereto. 
(State Ex. 13, p. 71) 
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1.10 Contested Case Hearings 
2. 
2.1 
2 .1.1 
1) Requirement for contested case hearing: 
a. Request for a contested case hearing was made by 
interested parties whereupon a question arose as to 
whether a contested case hearing is required by law 
pursuant to Act 296, SLH 1983, and Act 151, SLH 1984. 
b. Because of time constraints--Legislative deadline of 
December 31, 1984--the Board of Land and Natural 
Resources in its discretion granted a contested case 
hearing on the proposed designation of the Kilauea 
Upper East Rift Zone as a geothermal resource subzone, 
subject, however, to the right of the Land Board to 
raise at a later time the issue of whether a contested 
case hearing is required by law. (DLNR correspondence 
File - Letter dated 11/15/84 from Susumu Ono to Wendell 
Y. Y. Ing.) 
2) Public Notice: 
On November 16 and 21, 1984, notice of a contested case 
hearing on the proposed designation of a portion of the 
Kilauea Upper East Rift Zone (Kahaualea) as a geothermal 
resource subzone was published in the Honolulu Star-Bulletin 
and the Hawaii Tribune Herald by the Board of Land and 
Natural Resources. 
3) Proceedings: 
The contested case hearings on the designation of the 
Kilauea Upper East Rift Zone as a geothermal resource 
subzone were held by BLNR on December 12, 13, 15, 16, 18, 
and 19, 1984 in Hilo, Hawaii. 
SUBSTANTIVE ISSUES 
Potential for Production of Geothermal Energy 
Geothermal Resources Technical Committee 
1) A Geothermal Resources Technical Committee was formed to 
assist the Department of Land and Natural Resources in locating 
geothermal resources for electrical power generation. Participants 
were selected on the basis of their expertise in the field of geothermal 
resources in Hawaii. (State Ex. 6, p. xi) 
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2) A list of the participating committee members and their area 
of technical expertise is described below: (State Ex. 6, p. 2) 
2 .1. 2 
l\1r. Manabu Tagomori Area of expertise: Engineering 
Chief Water Resources and Flood Control Engineer 
Division of Water and Land Development 
Department of Land and Natural Resources 
Dr. Donald Thomas Area of expertise: Geochemistry 
Project Leader, Direct Heat Resources Assessment Project 
Hawaii Institute of Geophysics, University of Hawaii 
Dr. Bill Chen Area of expertise: Reservoir engineering 
Project Manager, HGP-A Wellhead Generator Project 
Participated in the Hawaii Geothermal Project as 
reservoir engineer. 
University of Hawaii - Hilo 
Mr. Dallas Jackson Area of expertise: Geology and Geophysics 
Pnnciple investigator for geoelectrical studies at HVO. 
Participated in self-potential research related to geothermal 
resource. 
U.S. Geological Survey, Hawaiian Volcano Observatory. 
Dr. James Kauahikaua Area of expertise: Geophysics 
Research mcludes geoelectrical studies such as resistivity surveys 
related to the identification of geothermal resource. 
U.S. Geological Survey 
lVJr. Daniel Lum Area of expertise: Geology - Hydrology 
Head, Geology and Hydrology Section 
Division of Water and Land Development 
Department of Land and Natural Resources 
Dr. Richard Moore Area of expertise: Geology 
Chief of "Geology and Petrology of Hualalai Volcano" project. 
Research includes geological mapping and the study of geothermal 
potential on Hualalai and Kilauea Volcanoes. 
U.S. Geological Survey, Hawaiian Volcano Observatory. 
Dr. John Sinton Area of expertise: Geology 
Participated in geological mapping studies for the preliminary 
State-wide Geothermal Assessment Program. 
Hawaii Institute of Geophysics, University of Hawaii 
Geothermal Resource Assessment Approach and Criteria 
1) The statewide geothermal resource assessment, as mandated 
by Act 296, SLH 1983, was made on a county-by-county basis and was 
based on a qualitative interpretation of regional surveys and available 
exploratory drilling data. (State Ex. 6, p. xi) 
-11-
2) A series of committee meetings were scheduled during the 
Statewide Geothermal Resource assessment phase. The first 
organizational meeting addressed the prov1s1ons of Act 296, the 
administrative rules, plan of study, and the assessment of available 
information. The committee members were asked to review the 
bibliography of available information to see if any significant literature 
had been omitted. It was also agreed that official notice be given to 
all newspaper agencies inviting the public to submit any additional data 
relevant to the assessment of potential geothermal resource. 
Subsequent committee meetings were scheduled to evaluate each island's 
potential for geothermal resource on a county-by-county basis: (State 
Ex. 6, p. 3) 
Date 
March 16, 1984 
March 30, 1984 
April 9, 1984 
April 18, 19, 1984 
April 23, 1984 
May 11, 1984 
June 8, 1984 
Place 
Honolulu, Hawaii 
Maui, Hawaii 
Honolulu, Hawaii 
Hilo, Hawaii 
Honolulu, Hawaii 
Honolulu, Hawaii 
Honolulu, Hawaii 
3) Due to the complexity of Hawaii's geologic structure and the 
variable nature of groundwater hydrology and geochemistry, the 
committee did not rely on just one set of data or a single set of rules. 
Therefore, the assessment of potential for each island was based on a 
qualitative interpretation of several regional surveys conducted in 
Hawaii during the last 15 to 20 years and any available deep 
exploratory drilling data. It was further noted that the use of 
probability ranges was more appropriate in assessing geothermal 
resources, in that probabilities would be more accurate than other 
subjective wording. (State Ex. 6, p. 3) 
4) The committee's assessment was based on the following types 
of geological, geophysical and geochemical data: (State Ex. 6, pp. 
3-5) 
a. Groundwater temperature data. Near surface water having 
temperatures s1gmflcantly above ambient, indicative of a 
possible nearby geothermal reservoir. 
b. Geologic age. Recent eruptive activity and the evidence of 
surface features such as rift zones, calderas, vents and 
active fumaroles. 
c. Geochemistry. Groundwater having geochemical anomalies 
related to the interaction between high temperature rock and 
water. Some of the indicators of thermally altered 
groundwater are anomalously high silica (Si02), chloride ( Cl) 
and magnesium (Mg) concentrations. In addition, the 
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evidence of above normal concentrations of trace and volatile 
elements such as mercury (Hg) and radon (Rn) may indicate 
leakage of geothermal fluids into nearby rock structures. 
d. Resistivity. The electrical resistivity of the subsurface rock 
formation is affected by the salt content and temperature of 
circulating groundwater. Therefore rocks saturated with 
warm saline groundwater have lower resistivities than rocks 
saturated with colder groundwater. 
e. Infrared surveys. Infrared studies of land surface and 
coastal ocean water can identify thermal spring discharges 
and above ambient ground temperatures. 
f. Seismic. Seismic monitoring of the frequency and clustering 
of earthquakes can identify earthquake concentrations that 
may be related to geothermal systems. 
g. Magnetics. Aeromagnetic surveys have identified magnetic 
anomalies associated with buried rift zones and calderas. 
Also, rocks at high temperature or those that have been 
thermally altered, have substantially different magnetic 
properties than normal rock strata. 
h. Gravity. Gravity surveys can provide information on the 
location of subsurface structural features such as dense 
intrusive bodies and dike zones. 
i. Exploratory drilling. Data acquired from deep exploratory 
wells can confirm the existence of high temperatures and 
determine if there is adequate permeability necessary for 
development. 
j. Self potential. Self-potential anomalies (natural voltages at 
the earth's surface) have been found to be highly correlated 
with subsurface thermal anomalies along the Kilauea east rift. 
5) The technical members agreed that equal weight would be 
given to all positive data and the probability areas mapped would be 
below the 7000-foot elevation due to the limits of current drilling 
technology. (State Ex. 6, p. 15) 
6) One of the most important conditions in a productive 
geothermal system is a permeable zone that permits adequate recharge 
of water to the reservoir. This criterion was considered and 
discussed with respect to all available information. Only exploratory 
drilling and flow testing of deep exploratory wells can confirm the 
permeability of an aquifer. (State Ex. 6, p. 12) 
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7) The conclusions of the Technical Committee demonstrated that 
no single geothermal exploration technique, except for exploratory 
drilling, is capable of positively identifying a subsurface geothermal 
system, instead it is based on several methods resulting in an estimate 
of geothermal potential for a given area. (State Ex. 6, p. 12) 
8) The selection of a high temperature resource area was based 
on the area's potential for production of electrical energy. The 
consensus of the Technical Committee was that present day technology 
requires a geothermal resource to have a temperature greater than 
125°C at a depth of less than 3 km. (State Ex. 6, p. xii) 
9) Upon evaluation of the data and review of the list of percent 
probabilities, the technical committee identified seven High Temperature 
Potential Geothermal Resource Areas. The criterion for selection of 
high temperature resource areas was agreed to be those areas having 
an assessed probability of at least 25% chance of finding a high 
temperature (greater than 125°C) resource at depths less than 3 km. 
(State Ex. 6, p. 12) 
2 .1.3 High Temperature Geothermal Resource Areas 
1) '):'he Technical Committee identified seven High Temperature 
Potential Geothermal Resource Area (greater than 125°C at depths less 
than 3 km): (State Ex. 6, p. xi) 
Area Percent Probability 
Haleakala S. IV. Rift Zone, Maui 25% or less 
Haleakala East Rift Zone, Maui 25% or less 
Hualalai, Hawaii . . . . 35% or less 
Mauna Loa S. IV. Rift Zone, Hawaii. 35% or less 
Mauna Loa N.E. Rift Zone, Hawaii. 35% or less 
Kilauea S. IV. Rift Zone, Hawaii Greater than 90% 
Kilauea East Rift Zone, Hawaii Greater than 90% 
2) The southern portion of the Kilauea Upper East Rift subzone 
is located within the 90% probability line as shown in State Ex. 2-B(l). 
The northern portion of the subzone lies within the area between the 
90% and 25% probability lines. (State Ex. 2-B(1)) 
3) Oral testimony presented by Dr. Don Thomas indicated that 
there has been a migration of the Kilauea East Rift Zone. Geologic 
data indicates the presence of older intrusives in the northern area 
between the 90% and 25% probability lines. This former dike complex 
is considered to be a feasible heat source for geothermal development, 
further supported by the oral testimony of l\lr. Dallas Jackson. Mr. 
Jackson stated that magnetic anomalies in this area indicate the 
presence of a high temperature resource above the Curie pt. (580°C) 
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within 2 to 4 km depth. Dr. Thomas concluded that the area between 
the 90% and 25% probability lines was therefore a gradation of percent 
probability of finding a high temperature resource. 
4) Currently available studies indicate that a geothermal resource 
is present along the entire length of the Kilauea East Rift Zone. 
Commerically feasible quantities of steam have been confirmed by deep 
exploratory drilling on the lower rift zone. Therefore, on the basis of 
positive geochemical and geophysical data and the recent eruptive and 
intrusive activity along the Kilauea East Rift Zone, the following 
probability is estimated: Greater than 90% chance of finding a high 
temperature (greater than 125°C) resource at depths less than 3 km. 
(State Ex. 6, p. 8) 
2. 2 Prospects for the Utilization of Geothermal Energy 
1) Private geothermal development on the island of Hawaii has 
been stimulated by a Request For Proposal (RFP) issued in December 
1980 by Hawaii Electric Light Co., Inc. (HELCO) for geothermally 
generated electrical power to meet their projected power requirements 
in 1988. (State Testimony of Robert T. Chuck, p. 30) 
2) True/Mid-Pacific Geothermal Venture has successfully passed 
the qualifying Phase I which required preparation of a comprehensive 
development plan. (State Testimony of Robert T. Chuck, p. 30) 
3) On February 25, 1983, the State Board of Land and Natural 
Resources granted conditional approval of a Conservation District Use 
Permit to Campbell Estate. The Board's decision allows Campbell 
Estate to drill up to 8 exploratory wells within a restricted area of the 
Conservation district or cease exploration when 4 wells show an 
indication of geothermal resource potential. (State Ex. 3, p. 17) 
4) A definite prospect exists for the use of geothermal energy 
to meet the needs of the public and achieve a step toward the goal of 
energy self-sufficiency for the State of Hawaii. (State Testimony of 
Robert T. Chuck, p. 30) 
2.3 
2.3.1 
Geologic Hazards that Potential Geothermal 
Development Activities would Encounter 
Geologic Hazards, Generally 
1) The same volcanic activity which provides the ultimate source 
of geothermal heat is also a hazard to geothermal development. (State 
Ex. 12, p. vii, CDUA No. HA 3/2/82-1463, p. 4-47) 
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2) The entire narrow area of the Kilauea east rift 
hazardous with regard to lava flow burial, pyroclastic 
subsidence, and cracking. (State Ex. 12, pp. 32, 35) 
zone is 
fallout, 
3) The entire east rift zone of Kilauea has been volcanically 
active up to the present time (State Ex. 12, pp. 19, 20, 28, 29, 30) 
The entire east rift zone has a substantial risk of lava flow burial in 
areas close to the axis of the rift zone. (State Ex. 12, pp. 30, 32) 
4) The general area of the Kilauea upper east rift zone has had 
21 eruptions since 1750 (State Ex. 12, p. 19). These eruptions within 
the upper east rift zone apply to the area between Kilauea's caldera 
and an imaginary line extending approximately north of Kalapana 
(State Ex. 12, p. 19; State Ex. 14, p. 40; Note: This imaginary line 
would separate the 1977 and 1750 flows on Kilauea's east rift zone 
depicted in State Exhibit 12, p. 28 and as confirmed by the fact that 
the 1977 flow is included in the upper east rift zone table on p. 19 
and the 1750 is included in the lower east rift zone table on p. 20). 
2.3.2 Lava Flow Hazards 
1) The southern flank of Kilauea's east rift zone is much more 
prone to be covered by lava flows than is the north flank due to its 
topography. (State Ex. 12, pp. 29, 30) 
2) The Kilauea Upper East Rift Geothermal Resource Subzone is 
situated in an area just north of the rift zone axis thereby mitigating, 
to some degree, the hazards which occur with most frequency along 
the rift zone axis. (State Ex. 14, p. 70) 
3) The topography within the Kilauea Upper East Rift Geothermal 
Subzone rises from approximately 2000 feet in the southeast corner to 
approximately 3000 feet in the northwest corner (apparent from map, 
State Exhibit 2B; State Ex. 14, p. 70). While elevated ground should 
be considered for power plant locations, evidence indicates that 
selection of high ground is not entirely safe from inundation by lava 
flows. (State Ex. 6, p. B-53) 
4) The area to the north of the present Puu 0 flows and within 
the Kilauea Upper East Rift Geothermal Resource Subzone has not been 
covered by lava within the past 250 years. (State Ex. 12, p. 29; oral 
testimony of Joseph Kubacki) 
5) Approximately 20% of the proposed Kilauea upper east rift 
geothermal subzone area has been covered by Puu 0 lava flows prior 
to phase 24. (Oral testimony of Joseph Kubacki; also apparent by 
superimposing proposed subzone boundaries upon the historic lava flow 
map, State Exhibit 2D) 
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6) All 1983-1984 lava covers approximately 1/3 of the Kilauea 
upper east rift geothermal subzone area (Written testimony of Richard 
Moore, VCA, Ex. 21) 
7) Approximately 38% of the Kapoho section of the Kilauea lower 
east rift geothermal subzone has been covered by the 1955 and 1960 
lava flows. (Oral testimony of Joseph Kubacki ) 
8) Approximately 24% of the Kamaili section of the Kilauea Lower 
East Rift Geothermal Subzone has been covered by the 1955 lava flow. 
(Oral testimony of Joseph Kubacki) 
9) Several construction techniques are available which may 
mitigate the damage caused by lava flows; these include strategic 
siting, diversion berms and barriers, enclosed well cellars, evacuation 
planning, use of "bridge plugs", and decentralization of power plants 
to lessen the chance that one lava flow could damage a large capacity 
plant (State Ex. 12, pp. 5, 12). A thorough evaluation of these 
mitigation alternatives can be provided prior to decisions on future 
geothermal development permits. (Oral testimony of Joseph Kubacki) 
10) Actual development within the vicinity of Puu 0 may be 
considered feasible when the volcanic activity at Puu 0 is determined 
to have ceased by qualified geologists. (State Ex. 12, p. 18 and State 
Ex. 13, p. 2) 
2.3.3 Hazards from Ground Cracking and Subsidence 
1) Cracking and subsidence related to magma movements is 
concentrated in the volcanic rift zones which are clearly defined and 
narrow features along the entire Kilauea East Rift zone. (State Ex. 
12, pp. 3, 22, 35) 
2) Intrusion of magma at Kilauea, sometimes leading to eruptions, 
often produces offsets of the grounds to great depth along the rifts of 
the volcano. Such offsets do not necessarily occur on vertical 
surfaces and the potential for offsetting geothermal well bores drilled 
in these periodically active areas exist. If cased well bores are cut at 
depth then pathways to the surface could be opened through which 
gasses from a deep geothermal system might escape. (Written 
testimony of Dallas Jackson, VCA, Ex. 7) 
3) Most cracks are vertically pitched making it unlikely, but 
possible, that a vertical crack would intercept a vertical well bore. 
(State Ex. 12, pp. 3, 4) 
4) Hazards from ground cracking and subsidence 
mitigated to an extent by locating the Kilauea Upper 
Geothermal Resource subzone north of the rift zone axis. 
14, p. 70) 
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have been 
East Rift 
(State Ex. 
2.3.4 Hazards from Pyroclastic Fallout 
1) The weight and depth of fallout can be appreciable as far as 
even 500 or 1, 000 meters away from an eruptive vent or fissure. 
Large fragments tend to fall close to the vent building cones that may 
be tens of meters high. Smaller particles can form a long, narrow, 
blanket many feet thick downwind of the vent. (State Ex. 12, p. 2) 
2) In 1959 a blanket of pyroclastic fallout from Kilauea Iki vent 
in Kilauea's upper east rift zone extended approximately 3000 meters 
south of the rift. (State Ex. 12, p. 21) 
3) Prevailing easterly trade winds are likely to carry fallout 
originating within the rift zone away from the Kilauea Upper East Rift 
Geothermal subzone. (CDUA No. HA 3/2/82-1463, BLNR Findings of 
Fact, p. 4-9; State Ex. 14, p. 70) 
4) Protecting structures or machinery against damage by 
pyroclastic fallout might be achieved by enclosing those parts 
vulnerable to abrasion or contamination. Building roofs should be 
strong, having a sufficient pitch so that pyroclastic fallout does not 
accumulate. (State Ex. 12, p. 7) 
2.3.5 Hazards from Earthquakes 
1) The largest recent earthquake (magnitude 7 .2) occurred in 
1975 about 5 Km southwest of Kalapana. (State Ex. 12, p. 18) 
2) Earthquakes with magnitudes above 6 have occurred in the 
saddle area between Mauna Loa and Kilauea, the largest being of 
magnitude 6.7 in November 1983. (State Ex. 12, p. 17) 
3) Most earthquakes in Hawaii are volcanic; resulting from 
near-surface magma movements. They are small in magnitude and 
usually cause little direct damage. (State Ex. 12, p. 4) 
4) Geothermal power plants should be constructed to withstand 
an earthquake of 7. 5 magnitude. (State Ex. 12, p. 8) 
2.3.6 Risk of Loss from Geologic Hazards 
1) It is assumed that geothermal development investors will bear 
the economic risk of loss resulting from geologic hazards, then 
developers would have a clear economic incentive to utilize appropriate 
mitigation measures and to select sites which offer the optimum balance 
of safety and productivity. Policy regarding assigning and clarifying 
risks of loss may be implemented by imposing conditions to be met by 
development investors prior to the granting of a geothermal resource 
permit by the State (conservation district) or Counties (urban, rural, 
or agriculture districts). (State Ex. 12, pp. 8, 9) 
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2.3.7 Predicting the Occurrence of Future Geologic Hazards 
Although past history of geologically hazardous events could give 
some idea of what could occur, it would be difficult or impossible to 
accurately predict the future occurrence of geologic hazards with any 
degree of scientific certainty. (State Ex. 12, p. 18; State Ex. 6, p. 
B-54) 
2. 4 Social Impacts 
The social impact analysis of geothermal resource areas gives 
emphasis to people's perceptions, attitudes, and concerns regarding 
geothermal resource development and operation based on available 
public information. (State Ex. 8, p. vii) 
Major social concerns considered were health 
lifestyle, culture and community setting, aesthetics, 
input. (State Ex. 8, p. vii) 
2.4.1 Health Aspects 
aspects, noise, 
and community 
1) The health aspects of geothermal resource development involve 
primarily the effects of chemical, particulate, and trace element 
emissions on the physical environment and on residents in the vicinity. 
Hydrogen sulfide (H 2S) and sulfur dioxide (S02) are the major gaseous compounds concerned, but the naturally existing or ambient 
air of the volcanic regions also contains these compounds. (State Ex. 
8, p. 1) 
2) The study, "Evaluation of BACT for Air Quality Impact of 
Potential Geothermal Development in Hawaii," January, 1984, prepared 
for the U.S. Environmental Protection Agency by Dames & Moore on 
the Best Available Control Technology (BACT) for emission abatement 
was utilized in the assessment. (State Ex. 8, p. 3) 
3) H S, particulate and trace element emission rates were all 
developed tram data gathered at HOP-A and assuming the emission 
controls described above. EPA-developed air dispersion models were 
then used to estimate the impact of these pollutant emissions on 
ambient air quality. Based on these calculations, potential H2S 
emissions during normal power plant operations for the development 
scenarios [25MW and 50MW] described in this report are well below the 
proposed Hawaii Ambient Air Quality Standard ( HAAQS) for H S. 
However, H2S emissions during well bleeding operations have 1he potential to exceed the proposed HAAQS. This potential can be 
eliminated by developing (and implementing) H2S emissions control 
measures for use during well bleeding or by iiltering the assumed 
emission release characteristics of well bleeding activities. (State Ex. 
8, p. 4) 
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4) Calculations of potential particulate and trace element impacts 
on ambient air quality were also conducted as part of this study. 
These data indicate that the proposed project does not have the 
potential to exceed applicable ambient air quality guidelines for these 
compounds. (State Ex. 8, p. 4) 
5) The technology for abatement of hydrogen sulfide emissions 
from the proposed facilities at Kahaualea to acceptable levels is 
available and the flash-steam cycle appears to be the best plan for the 
expected resource. The resource at Kahaualea can be abated with 
present technology to meet the California Standards. (CDUA No. HA 
3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-15) 
6) Hydrogen sulfide abatement technology such as the Stretford 
and burner-scrubber system will lessen the impact on the human and 
natural environment more than conventional electrical energy 
production currently in operation today in Hawaii. (CDUA No. HA 
3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-15) 
7) Applicant in CDUA No. 1463 speculates that if 250 megawatts 
proposed for Kahaualea were developed, then that impact on the air 
quality by replacing the existing oil-fired power plants in the State 
and by replacing some of the capacity of those oil-fired units, would 
bring about an improvement in the air quality. The existing 40 
megawatt power plant in Hilo is emitting about the same or possibly 
more toxic gases and sulfur dioxide than the full proposed 250 
megawatt geothermal development at Kahaualea. (CDUA No. HA 
3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-21) 
8) How effective the various monitoring and abatement programs 
will be is a function of the size and nature of the geothermal 
operations, the composition of the geothermal fluids, the state of the 
technology, and many related factors. (CDUA No. HA 3/2/82-1463, 
BLNR Findings of Fact 2/25/83, p. 4-18) 
9) Kilauea Volcano normally emits 200 tons a day of sulfur 
dioxide and the contribution of sulfur dioxide from the proposed 
Kahaualea project at full development would only be a fraction of 1 
percent of that amount. (CDUA No. HA 3/2/82-1463, BLNR Findings 
of Fact 2/25/83, p. 4-16) 
10) The emissions of sulfur, mercury, and other volcanic gases 
are a continuous process at Kilauea, the rift zone, and the adjacent 
forest and its inhabitants have long been exposed to lower levels of 
these potentially toxic emissions and intermittently to higher levels. 
Exposure to significant levels of geothemal gases are part of the norm 
for native Hawaiian plants and animals. (CDUA No. HA 3/2/82-1463, 
BLNR Findings of Fact 2/25/83, p. 4-20) 
11) 
Inc. for 
and the 
"The Puna Community Survey", prepared in 1982 by S~IS, 
the State Department of Planning and Economic Development 
Hawaii County Department of Planning, reported that only 
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one-fifth of the total survey respondents felt they had 
by the geothermal wells in Puna, on the Hawaii Island. 
p. vii) 
been affected 
(State Ex. 8, 
12) In the "Puna Speaks" case, where HGP-A shutdown was 
requested by some Puna residents, the U.S. District Court Judge 
ruled that the plaintiffs did not prove their case in suit as no 
causation was established between the well emissions and alleged 
maladies. (State Ex. 8, p. 3) 
2. 4. 2 Noise Aspects 
1) Although noise levels associated with geothermal energy 
development and operation are comparable with those of industrial or 
electrical plants of similar size, plant construction and operation in a 
quiet rural area are a potential noise factor which can be controlled 
and monitored. (State Ex. 8, p. 4) 
2) The source of noise impact from the proposed Kahaualea 
Geothermal Project would arise from (a) construction of roads, 
pipelines, and buildings; (b) geothermal well-drilling and testing or 
venting; and (c) geothermal power plant operations. (CDUA No. HA 
3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-21) 
3) During the initial phases of field development; persons in the 
immediate vicinity of a geothermal site may be exposed to noise levels 
varying from 40 to 125 decibels, depending upon the distance from the 
well site. (State Ex. 11, p. 8) 
4) Construction noise level data did not receive much scrutiny or 
attention at the hearing nor in the EIS pertaining to CDUA No. 1463. 
Noise generated by construction activity will involve the use of 
standard construction equipment such as local bulldozers, trucks, and 
graders operating in the same manner, and over a limited time period 
as any other typical project. No unusual noise events of long duration 
are involved. (CDUA No. HA 3/2/82-1463, BLNR Findings of Fact 
2/25/83, p. 4-29) 
5) 
decibels 
decibels 
muffler. 
a pumice 
Within 100 feet of the drill rig, noise varies from 60 to 98 
with muffler. Initial venting noise varies from 90 to 125 
which may be mitigated using a stack pipe insulator or cyclone 
Periodic operational venting noise is about 50 decibels using 
filled muffler. (State Ex. 11, p. 8) 
6) The use of venting noise abatement procedures such as 
portable or in-place rock mufflers, the noise levels from the initial 
drill site to the Fern Forest Vacation Estates should be in the range of 
inaudibility in most cases, to a maximum of 36 dB A under worst case 
conditions. (CDUA No. HA 3/2/82-1463, BLNR Findings of Fact 
2/25/83, p. 4-27) 
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7) Noise levels projected for the anticipated power plants are 
expected to be low and should result in slightly audible or inaudible 
levels of most receptor sites. (CDUA No. HA 3/2/82-1463, BLNR 
Findings of Fact 2/25/83, p. 4-21) 
8) Power plants A, B, C, and D proposed under CDUA No. 1463 
will be inaudible at all camping sites, picnic areas and trails in the 
Hawaii Volcanoes National Park with the exception of times when the 
trade winds have a northerly component and noise levels to 32 dBA 
may be audible at the closest end of Napau Crater. The four power 
plants will be completely inaudible at all Hawaii Volcanoes National Park 
features near the Kilauea Caldera area. (CDUA No. HA 3/2/82-1463, 
BLNR Findings of Fact 2/25/83, p. 4-28) 
9) Applicant in CDUA No. 1463 assures the Board that buildings 
and barriers can be designed to optimize the orientation and degree of 
closure to contain noises from the turbine, genrator and transformers. 
Cooling towers have not proven to be dominant noise sources in 
geothermal plants. Taking all major noise sources into account, the 
continuous noise level of 75 dBA at 100 feet is considered readily 
achievable for power plants at Kahaualea. (CDUA No. HA 3/2/82-1463, 
BLNR Findings of Fact 2/25/83, p. 4-30) 
10) Ambient or background noise refers to the noise levels which 
presently exist in the environs of the project site of CDUA No. 1463 at 
locations where people reside, play or work and sometimes is produced 
by the people themselves. The existing exterior ambient noise levels 
at residences in the environs of the proposed geothermal operations 
are dictated largely by the sounds of nature and by the traffic on 
Volcano Highway as well as by traffic on local roads. (CDUA No. HA 
3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-22) 
11) The impact and intrusiveness of the noise of geothermal 
operations at Kahaualea and the surrounding environs is dependent on 
the meteorological conditions; the intensity of the noise source; the 
sound propagation conditions existing between the source and listener; 
the ambient or background noise at the receptor; and the activity at 
the receptor area at the time of the noise event. (CDUA No. HA 
3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-21) 
12) As the project progresses, nosie propagation information will 
be obtained and will serve as guidance for the design of noise 
mitigation meausres required of the power plants, particularly for 
power plants located closer to noise sensitive residential and park 
areas. (CDUA No. HA 3/2/82-1463, BLNR Findings of Fact 2/25/83, 
p. 4-29) 
13) Ambient noise levels are often expressed as day-night noise 
levels (Ldn) where a 10 dB reduction is given for noise levels during 
the nighttime period between generally 10 p.m. to 7 a.m. The 
long-range strategies of the Environmental Protection Agency (EPA) 
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are to achieve a goal of 55 Ldn (45 dBA nighttime) which will ensure 
protection of public health and welfare from all adverse effects of noise 
based on present knowledge. (CDUA No. HA 3/2/82-1463, BLNR 
Findings of Fact 2/25/83, p. 4-22) 
14) The EPA "Protection Noise Level" document's recommended 
levels are levels defined by a negotiated scientific consensus that was 
developed without concern for economic and technological feasibility, is 
intentionally conservative to protect the most sensitive portion of the 
American population, and includes an additional margin of safety. The 
levels should be viewed as levels below which there is no reason to 
suspect that the general population will be at risk from any of the 
identified effects of noise. (CDUA No. HA 3/2/82-1463, BLNR 
Findings of Fact 2/25/83, p. 4-23) 
15) In May of 1981, the County of Hawaii Planning Department 
issued a set of "Geothermal Noise Level Guidelines" to provide proper 
control and monitoring of geothermal-related noise impacts with stricter 
standards than those prevailing for Oahu and state-wide, based on 
lower existing ambient noise levels for the Island of Hawaii. (State 
Ex. 8, p. 5) 
16) The County of Hawaii geothermal noise level guidelines state 
that a general noise level of 55 decibels during the daytime and 45 
decibels at night may not be exceeded at existing residential receptors 
which might be impacted. (State Ex. 11, p. 8) 
17) The Applicant of CDUA No. 1463 has committed to complying 
with the Geothermal Noise Level Guidelines of the Hawaii County 
Planning Department ("Guidelines"). The "Guidelines" specify that the 
"acceptable geothermal noise guidelines should be at a level which 
reasonably assumes that the Environment! Protection Agency and U.S. 
Department of Housing and Urban Development criteria for acceptable 
indoor noise levels can be met" and that the sound level measurements 
should take place at the affected residential receptors that may be 
impacted by the geothermal operation. (CDUA No. HA 3/2/82-1463, 
BLNR Findings of Fact 2/25/83, p. 4-22) 
18) The design standard for the HGP-A Wellhead Generator 
Project specifies that the noise level one-half mile from the well site 
must be no greater than 65 decibels. Construction of a rock muffler 
at the facility has reduced noise levels to about 44 decibels at the 
fence line of the project. (State Ex. 11, p. 8) 
19) The type of housing found in Fern Foret, Volcano Village, 
etc. , will result in noise reduction from outside to inside of at least 15 
dB. Thus, an outside noise level of 45 dB A will reduce to an inside 
level of 30 dBA or less, which is less than the EPA's 32 dBA level for 
sleep modification. (CDUA No. HA 3/2/82-1463, BLNR Findings of 
Fact 2/25/83, p. 4-23) 
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2. 4. 3 Lifestyle, Culture, and Community Setting 
1) The Puna area has the most information and the input to-date 
on these aspects related to geothermal development and may be 
applicable to other localities. Each community, however, will have its 
own unique background and perceptions and goals. Each community 
should in the process of considering geothermal resource development 
contribute its own input into the assessments. (State Ex. 8, p. 7) 
2) In April 1980, 11,775 persons were living in Puna which 
constituted roughly 13 percent of the Big Island's population. In 
district size and population, Puna ranks third after South Hila and 
North Kana. Puna's population density of 23 persons per square mile 
is the same for the County of Hawaii as a whole. Within the Puna 
District, roughtly 20 percent (2,246) of the residents were living in 
the towns of Keeau, Mountain View, and Pahoa. (CDUA No. HA 
3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-44) 
One of the survey questions discussed in the "Assessment of 
Geothermal Development Impact on Aboriginal Hawaiians" by the Puna 
Hui Ohana, regarding Community attitudes toward geothermal 
development asked respondents how they felt about the quality of life 
in Puna at the present time. The large majority responded that they 
were happy with the present quality of life in Puna, while only 9.5% 
were unhappy and 8.6% were neither happy nor unhappy. (State Ex. 
8. p. 8) 
3) The EIS filed pursuant to CDUA No. HA-1463 indicates the 
subject parcel is generally in an unused, undeveloped state. In its 
present state, it provides open space to the residents of adjacent 
residential and agricultural subdivisions and also to the visitors of the 
Hawaii Volcanoes National Park. The relatively untouched native forest 
provides the scientific community with a field laboratory. The subject 
property is presently unused as an economic entity as there are 
neither residents nor any economic activities on the parcel. (CDUA 
No. HA 3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-42) 
4) Little of Kahaualea lends itself to intensive agricultural 
activities. Most of the population and related activities occurred in 
the makai sections. Reported agricultural areas in Kahaualea were 
located approximately a mile to 1-1 I 2 miles southeast and below the rift 
zone. (CDUA No. HA 3/2/82-1463, BLNR Findings of Fact 2/25/83, 
p. 4-40) 
5) No archaeological sites, native cultigens or lava tubes that 
could have served as shelters were observed either along the proposed 
access route or the KA-1. (CDUA No. HA 3/2/82-1463, BLNR 
Findings of Fact 2/25/83, p. 4-40) 
6) There are no known archaeological sites within the Kilauea 
Upper East Rift Zone. (State Ex. 10, p. 55) 
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7) There have been no studies of the impact of exploration on 
nitve Hawaiian cultural or religious values and practices. The Board 
and parties did conduct a site visit accompanied by a guide 
knowledgeable about the traditions and practices in the area on 
December 11, 1982. (CDUA No. HA 3/2/82-1463, BLNR Findings of 
Fact 2/25/83, p. 4-41) 
8) Property in the upper East Rift Zone is owned by four large 
area landowners, the United States of America (Hawaii Volcanoes 
National Park), the State of Hawaii, Bishop Estate, and Campbell 
Estate. Smaller holdings owned by various individuals are found in 
the roayl Gardens Subdivision along the coast and in urban and 
agricultural zoned areas in the Kilauea-Olaa area at the mauka 
boundary of the rift zone. (State Ex. 10, p. 55) 
9) The location of the proposed geothermal resource subzone is 
set back away from the Volcano community, Hawaii Volcanoes National 
Park boundaries, and the Wao Kele 0 Puna Natural Area Reserve. 
(State Ex. 14, p. 52) 
10) The small magnitude of change in lifestyle and social 
inter-action that may be brought about by new residents may be a 
small part of the lifestyle, culture and community and traffic changes 
already taking place in the area as a result of the influx of new 
residents in recent years. (State Ex. 8, p. 14) 
2.4.4 Aesthetics 
1) "The Puna Community Survey" by SlViS Research Inc. 
reported that of the negative impacts perceived relating to the 
geothermal well, 5% felt that it "looks bad". The area respondents 
with the greatest percentage of citing of the aesthetic aspect were 
Keaau residents, with 25% of the factors mentioned being under the 
category of negative appearance. (State Ex. 8, p. 10) 
2) The Kahaualea parcel is relatively untouched by man and 
remote from residential populations. There are no residents or 
structures in Kahaualea and the distance to the nearest home is 
approximately 2-1/2 miles. Its open vistas include natural topographic 
features, heavily wooded forests, grassy slopes and barren lava flows. 
The Kahaualea property is generally flat with a gently sloping terrain 
of densely vegetated 'ohi'a forest, except in those rift zone areas 
where lava flows have destroyed the vegetation. (CDUA No. HA 
3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-31) 
3) Although in some areas with potential geothermal resource 
development the plant installation may be relatively unobtrusive--where 
scenic view corridors are not damaged in the eye of nearby or 
medium-distanced residents and visitors--consideration of aesthetic 
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aspects should include careful siting, tasteful design, and effective 
landscaping. (State Ex. 8, p. 10) 
4) Techniques of preserving aesthetic aspects of the landscape 
and natural vistas include attractive design, painting of structures and 
towers and plants with colors to blend in with the natural setting. 
(State Ex. 8, p. 10) 
5) Estimates of visual impact are accomplished by preparing an 
area wide terrain analysis to determine locations outside the project 
area from which drilling rigs, powerlines, power plant facilities, etc. , 
can be seen. A terrain analysis of visual impacts was completed for 
the preparation of the Kahauale'a Environmental Impact Statement 
(Kahauale'a Revised EIS, June 1982). (State Ex. 10, p. 36) 
6) Points were chosen at 100-foot elevation increments along the 
approach road to the Park (Volcano Highway) as well as the nearby 
public roads in the Park. For each of these points, a view line was 
calculated from an observer (whose eyes were considered to be 10 feet 
above the road) to the top of an 80-foot high power plant (A, B, C or 
D) or a 65-foot high power plant (E). In almost all cases, this view 
line went below the surface of the ground between the observer and 
the power plant. (State Ex. 10, p. E-3) 
7) To the south of the Napau Trail, the power plants cannot be 
seen except from a few high points due to the abrupt change of 
regional slope. Even when the power plants are visible, they are at 
distances of one to six miles and thus they would not be significant 
intrusive features with proper design and construction considerations. 
In no case are they expected to be seen as a silhouette on the 
horizon, but instead, they would be a feature in the middle to far 
distant background. (State Ex. 10, p. E-4). 
8) It should be noted that no correction for trees has been 
incorporated into these perspectives. If trees are included, potential 
visual intrusions could be further mitigated. (State Ex. 10, p. E-4) 
9) Exploratory drill rigs, including a platform, may reach to 
heights of 149 feet. Rigs may be visible above the teree line in the 
exploratory area only during the period of exploration. (CDUA No. 
HA 3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-32) 
10) It is possible that the moist warm air from the cooling towers 
will condense as it rises under certain atmospheric conditions to form a 
small cloud mass similar to that often observed near cracks and puu's 
along the remote part of the East Rift Zone east of Mauna Ulu under 
the same conditions. During normal atmospheric conditions, no visible 
vapors are expected from the cooling towers. (State Ex. 10, p. E-4) 
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11) A similar terrain analysis should be included in 
environmental impact assessments for the development of specific sites 
within a geothermal resource subzones during the subsequent 
permitting process. (State Ex. 10, p. 36) 
12) The preservation of natural beauty and aesthetics could be 
achieved by well-planned siting, landscaping and well-designed plant 
architecture. (State Ex. 8, p. 14) 
2.4.5 Community Input 
1) Various channels and methods of community input are involved 
in the preliminary as well as future process of geothermal resource 
development evaluation and actualization, such as the community 
surveys by the Puna Hui Ohana and by SMS Research, Inc. (State 
Ex. 8, p. 10) 
2) Throughout the process, from the enactment of Act 296, to 
the Proposal for Designating Geothermal Resources Subzones by the 
BLNR, public comments and participation have been invited from 
various interested parties to assist the Department and the Board. 
(State Ex. 7, p. 1) 
3) Public informational meetings were held by the State 
Department of Land and Natural Resources on May 8, 29, 1984 and 
July 10, 11, 1984 on the island of Hawaii. (State Ex. 13, p. vi) 
4) The first series of meetings were to report the most likely 
locations of geothermal resources. The second series focused on the 
identification of impact issues. (State Ex. 7, p. 1) 
5) To ensure full public participation, the time, place and 
purpose of these meetings were announced in newspaper publications, 
radio announcements and letter invitations. (State Ex. 7, p. 4) 
6) The objective of these meetings were to open lines of 
communication between the public and the Department of land and 
Natural Resources. (State Ex. 7, p. 1) 
7) Other sources of community input utilized in the assessment 
included the planning processes, goals, objectives and development 
policies formulated and adopted in community plans that become a part 
of the County General Plans and the State General Plan, as well as 
policies brought forth by representatives of people and communities in 
the State Legislature. (State Ex. 8, p. 11) 
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2.5 Environmental Impacts 
2.5.1 Meteorology 
1) The winds in the Hawaiian Islands are very important in 
geothermal operation because of their effect on emissions and noise. 
2) Meteorological monitoring has been included in the 2-year 
Environmental Baseline Survey of the Kilauea East Rift zone. First 
year results indicated: 
a. The complexity of the land/ sea breeze and trade wind interaction 
is apparent in the diurnal fluctuation of wind direction seen at 
Site 2 in Kahaualea, and the drainage wind phenomenon seen 
carrying volcanic fume from Kahaualea over the Pali along the 
Chain of Craters/Kalapana Road. 
b. Both temporal and spatial variability in rainfall is dramatic in the 
Kilauea East Rift Zone area. This variability can effect the 
magnitude of TSP material originating from such sources as road 
and soil dust and spores and pollen from vegetation. (State Ex. 
10, pp. 29, 30) 
2.5.2 Flora 
2.5.2.1 Impact to Native Forest 
1) Potential environmental impact on the flora of the Kilauea 
Upper East Rift Zone, as with other rift zones, was assessed using a 
forest categorization system based on U.S. Fish and Wildlife Service 
vegetation type mapping which incorporates information on the extent 
of canopy cover, height of canopy, understory composition and vege-
tation association type. (State Ex. 10, p. 6) 
2) Vegetation information of this type was available for all or 
portions of each geothermal resource area assessed including all of the 
Kilauea Upper East Rift Zone. (State Ex. 10, p. 6; State Ex. 2-E) 
3) U.S. Fish and Wildlife Service Vegetation Type data were 
abstracted into a simplified, three category impact sensitivity classi-
fication system by the University of Hawaii Environmental Center and 
was based on the assumption that undisturbed closed canopy forest 
would be most susceptible to disruption due to geothermal development. 
4) The three Categories were defined as follows: 
Category 1 - Exceptional native forest closed 
canopy, over 90% native cover. 
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Category 2 -
Category 2A -
Category 3 -
(State Ex. 10, p. 7) 
Mature native forest over 75% native 
canopy. 
Native scrub or low forest. 
Cleared land; non-native forest; 
bare ground or lava. 
5) Forested areas in the Upper East Rift Zone consist primarily 
of Category 1, exceptional native forest, closed canopy, with over 90% 
native cover, Category 2, mature native forest with over 75% native 
cover, and Category 3, bare lava flows, dated 1968-1973, 1977 and 
1983-84. (State Ex. 10, p. 55; State Exhibit 2-E) 
6) Disruption of native forest ecosystems is a potential environ-
mental impact resulting from the development of geothermal energy. 
(State Ex. 10, p. 4) 
7) Native forests are particularly vulnerable to invasion by 
exotic species along roadways or other cleared areas. Once such an 
invasion begins, native forest is gradually altered and non-native 
species which initially invaded along relatively narrow corridors spread 
and multiply. (State Ex. 10, p. 4) 
8) Major geothermal development, with an attendant network of 
roads and construction corridors may be expected to dissect and 
eventually degrade undisturbed native forest by opening it to 
invasions by weedy species. (State Ex. 10, p. 4) 
9) The northern boundary of the proposed Kilauea Upper East 
Rift Zone includes approximately 25 percent of Category 1 native forest 
area located within the Kahaualea section of the Kilauea East Rift Zone. 
(State Ex. 14, p. 53; State Ex. 2-E) 
10) Development of geothermal resources along the Kilauea 
East Rift Zone will be limited to the proposed subzone area. 
Ex. 14, p. 52) 
Upper 
(State 
11) Impact to native forest ecosystems can be mitigated through 
careful siting facilities, access roads, pipe and powerline corridors so 
as to avoid damage to biologically valuable forest. (State Ex. 10, 
p. 4) 
12) In order to mitigate this potential impact, encroachment into 
the native forest area has been minimized by concentrating exploration, 
development and production activities towards the rift or volcanic flow 
areas. (State Ex. 13) 
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2. 5. 2. 2 Impact to Endangered Plant Species 
1) Of Hawaii's seven plant species which are formally listed as 
endangered, only one, the Hawaiian Vetch (Vicia Menziesii), was found 
within the geothermal resource areas, specifically w1thm the Mauna Loa 
East Rift area. (State Ex. 10, pp. 9, 10) 
2) Hawaii has numerous rare plants, over 800 of which have 
been proposed for listing as endangered. The endemic Hawaiian fern 
Adenophorus periens, known to be present in the Kahaualea section of 
the Kilauea East Rift Zone, is considered a rare plant, and a 
"candidate endangered species". (State Ex. 10, p. 9) 
3) Currently available information on rare plant species was 
utilized in the Flora section of the Environmental Analysis. (State Ex. 
10, p. 9) 
4) Protection of rare plant species will be undertaken on a 
project-by-project basis where botannical surveys of specific areas 
considered for development are possible. (State Ex. 10, p. 9) 
2.5.3 Fauna 
2.5.3.1 Native Birds 
1) Forest birds found in the resource areas include the l'iwi, 
Apapane, Elepaio, and others; however, the specific native forest 
birds present at a site are not as important as the relative value of 
the area as native bird habitat in general. (State Ex. 10, p. 10) 
2) Most native birds share habitat to some degree and it is this 
characteristic which permits use of the existence of endangered bird 
habitat as an index of overall native bird habitat value. (State Ex. 
10, p. 10) 
3) Federally designated threatened or endangered 
the resource areas include seven forest bird species, 
species, the Nene, the Hawaiian Hawk (Io) and Crow 
Hawaii's only resident mammal, the Hawaiian Hoary Bat. 
10, p. 10) 
fauna within 
two seabird 
( Alala) , and 
(State Ex. 
4) Hawaii forest birds include the Hawaii Creeper (Loxops 
maculatus mana), Hawaii 'Akepa (Loxops coccineus coccineus), 
Akiapola'au (Hemignathus wilsoni), and 10'u (Psittirostra psittacea). 
All are moderately endangered, with populations in the high 1001s or 
above, except the 'O'u, which is relatively rare and has a much 
smaller population. Essential habitat common to all four species has 
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been identified, and intersect all of the East Mauna Loa Rift area, most 
of Hualalai and Upper Puna, and flanks Kahuku Ranch (USFWS, 1982). 
(State Ex. 10, p. 10) 
5) An Essential Forest Bird Habitat, as described by the Hawaii 
Forest Bird Recovery Plan does exist in the Kilauea Upper East Rift 
Zone. (State Ex. 10, p. 10; VCA, Ex. 17, Jacobi Testimony, p. 4, 
unnumbered). 
6) There has been no siting of the endangered 'O'u, 
forest bird, within the geothermal resource subzone. 
examination of Sheila Conant, VCA Ex. 47) 
a native 
(Cross-
7) No nesting sites for the endangered 'O'u have been found 
BLNR within the Kahaualea area. (CDUA No. HA-3/2/82-1463, 
Findings of Fact, 2/25/83, p.4-36 ) 
8) Air quality standards will assure that geothermal emissions 
will be well below amounts released during eruptions and probably 
below amounts necessary to cause damage to native flora. (Lamoreux, 
written testimony, p. 6) 
9) Potential impact to native forest birds would result from 
degradation of the native forest bird habitat from invasion of exotic 
species along geothermal facility access roads, pipeline and power line 
corridors. (State Ex. 10) 
10) Development of geothermal resources along the Kilauea Upper 
East Rift Zone will be limited to the proposed subzone area. (State 
Ex. 14, p. 52) 
11) Impact to native forest ecosystems can be mitigated through 
careful siting facilities, access roads, pipe and powerline corridors so 
as to avoid damage to biologically valuable forest. (State Ex. 10, p. 
4) 
12) In order to mitigate this potential impact, encroachment into 
the native forest area has been minimized by concentrating exploration, 
development and production activities towards the rift or volcanic flow 
areas. (State Ex. 13) 
2.5.3.2 Invertebrates 
1) Rare invertebrates such as important fruit flies (giant 
Drosophila spp), tree snails (Partulina spp), and special cave-adapted 
fauna res1ding in lava tubes are known to exist in the .\launa Loa East 
Rift and the Kilauea East Rift Zones. (State Ex. 10, pp. 11, 12) 
2) Lava tube ecosystems are dependent on intact penetrating 
ohia root systems for their moisture supply and are therefore 
vulnerable to any development which results in forest clearing. (State 
Ex. 10) 
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3) Impacts to these species may be largely avoided by avoiding 
siting facilities in native forest areas. (State Ex. 10) 
2.5.4 Surface Water Impacts 
1) Almost all geothermal fluids have a total dissolved solids 
content greater than 1000 ppm. (State Ex. 10, pp. 12. 13) 
2) All geothermal fluids will be disposed of by reinjection into 
the geothermal reservoir. (State Ex. 10, pp. 12, 13) 
3) Surface disposal will not be permitted. (State Ex. 10, pp. 
12' 13) 
4) None of the rift zones considered contain perennial streams. 
(State Ex. 10, pp. 12, 13) 
5) Impact to surface waters is expected to be minimal. (State 
Ex. 10, pp. 12, 13) 
2.5.5 Groundwater Hydrology 
1) Ground water in the various geothermal areas may occur as 
(1) perched water, (2) dike water, and (3) basal water. (State Ex. 
10, p. 13) 
2) Perched water, the least common, is water that is ponded on 
ash beds, soil formed on weathered lava, and on dense lava flows. 
Most perched water bodies are thin and show little lateral extent. The 
presence of perched water may be indicated by perched springs, 
usually found at higher elevations. (State Ex. 10, p. 13) 
3) Dike water is water impounded in compartments between dikes 
in the rift zones of the volcanoes. The numerous dikes form nearly 
vertical walls that are less permeable than the masses of ordinary lava 
flows between them. In some of the dike complexes water is held 
between the dikes to a height of more than 2, 000 feet above sea level. 
(State Ex. 10, p. 13) 
4) The basal ground water body is the fresh water resting on 
salt water within the permeable rocks that make up most of the base of 
the islands. (State Ex. 10, p. 13) 
5) Basal water uderlies all of the Kilauea East Rift Zone except 
where dikes occur. (State Ex. 10, p. 13) 
6) Ground water will not be adversely affected because 
geothermal wells are drilled past the ground water aquifer and a 
surface casing is set and cemented through a competent subsurface 
formation below the basal lens. (State Ex. 10, p. 13) 
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7) The drilling, casing installation, maintenance and abandonment 
of all geothermal wells, including re-injection wells will be regulated 
and monitored to protect the groundwater aquifer. (State Ex. 10, pp. 
13. 14) 
2.5.6 Air Quality 
1) Quantification of pre-development concentrations of naturally 
occurring emissions in geothermal rift zones is essential in order to 
assess any future changes in emission concentrations resulting from 
development of the geothermal resources. (State Ex. 10, p. 26) 
2) Quantification has been undertaken by the State Department 
of Planning and Economic Development in a two-year environmental 
baseline survey of the Kilauea East Rift Zone (Houck, 1983). Volume 
1 of the survey report covers the period between December 1982 and 
December 1983. A second-year progress report for the period between 
January 1, 1984 and May 31, 1984 is also available. (State Ex. 10, p. 
26) 
3) The principal parameters measured in this study include 
atmospheric concentrations of particulate materiai, sulfur dioxide gas, 
hydrogen sulfide gas, chlorine gas, carbon monoxide gas, elemental 
mercury vaport, radon, elemental and organic content of particulate 
material, rainwater pH, elemental and anionic content of rainwater, and 
wind speed and directions. (State Ex. 10, p. 26) 
4) Environmental risks are due primarily to atmospheric emissions 
of noncondensing gases. Hydrogen sulfide, particulate sulfate from 
the atmospheric oxidation of hydrogen sulfide, benzene, mercury, and 
radon are considered to be the more significant noncondensing gases 
from a health standpoint. (State Ex. 10, pp. 15, 16) 
5) The first year results of the Environmental Baseline Survey 
indicate the following ambient conditions: 
a. Total Suspended Particulates (TSP) are very low and 
genrally consist of sea-salt aerosal, road and soil dust, 
volcanic emissions, diesel exhaust and organic matter. 
b. Sulfate particulate matter, and under certain conditions 
heavy metals contained in particulate matter can be related 
to volcanic emissions. 
c. Current hydrogen sulfide and chlorine gas levels are very 
low and well below biological impact levels. 
d. Occasional short-term hydrogen sulfied episodes at modest 
concentrations, but of short, less than a day, duration have 
been observed. 
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e. Sulfur dioxide concentrations due to volcanic activity can 
exceed standard values, values typical of urban areas, and 
human health and plant impact values for days at a time. 
Higher so2 values have been measured in the upper part of the Rift Zone than in the lower portion. In the absence of 
volcanic impact, so2 values are low. 
f. Rainwater in Puna and Kau is slilghtly acidic. Acidification 
is due not only to volcanic emissions but also to long-range 
transport from sources across the Pacific. 
g. All trace elements measureable were found to be below 
drinking water quality standards. 
h. Ambient mercury and radon values were more or less typical 
of atmospheric values nationwide. However, the impact of 
volcanic emissions on the atmospheric radon content could be 
seen by noting the higher values measured at the site 
closest to the current eruption area in Kahaualea. (State 
Ex. 10, pp. 28, 30) 
6) 
exhibit 
21) 
Igneous-related geothermal reservoirs, 
small amounts of benezene or none at all. 
such as Kilauea, 
(State Ex. 10, p. 
7) The presence of arsenic in geothermal fluids can cause 
negative health effects including skin cancer if fluids are allowed to 
contaminate surface waters or ground waters. (State Ex. 10, p. 26) 
8) Common practice is to inject residual geothermal fluids back 
into a geothermal reservoir for disposal, thus isolating spent fluids 
from drinking water supplies. Injection wells like geothermal wells are 
drilled past the ground water aquifer and cased so that no leakage to 
an aquifer can occur. (State Ex. 10, p. 26) 
9) The State Department of Health has drafted reVISIOns to its 
Administrative Rules Chapter 11-59, Ambient Air Quality Standards, 
and Chapter 11-60, Air Pollution Control, covering geothermal 
activities. (State Ex. 10, p. 31) 
10) Proposed revisions to Chapter 11-59-4 specify ambient alr 
concentrations of carbon monoxide, nitrogen dioxide, suspended 
particulate matter, ozone, sulfur dioxide, lead and hydrogen sulfide. 
Under the proposed rule 3evisions, concentrations of hydrogen sulfide 
shall not exceed 139 ug/m or 100 ppb. (State Ex. 10, p. 31) 
11) Chapter 11-60 is to be amended by adding a new section 
11-60-23.1 covering allowable emissions of particulates and hydrogen 
sulfide for geothermal wells and emissions of hydrogen sulfide only 
from geothermal power plants. (State Ex. 10, p. 31) 
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12) Section 11-60-23.1 defines geothermal wells, and sets 
standards for particulates and hydrogen sulfide. Prior to a well being 
connected to a power plant, well emissions shall not be in excess of 
five pounds of particulates, and five pounds of hydrogen sulfide, per 
one hundred pounds of each respective pollutant in the resource. 
After a well is connected to the power plant, emissions shall not 
exceed two pounds per 100 pounds of hydrogen sulfide in the 
geothermal resource. Permits to construct and operate a geothermal 
well are required of the well owner or operator. (State Ex. 10, p. 
31) 
13) The recommended H2S abatement system, the Stretford System, is capable of removing over 99% of the H2s contained in the 
noncondensable gases. (State Ex. 10, p. 30) 
14) Use of this system would enable facilities to comply with the 
proposed State Department of Health air quality standard for 
geothermal developments since this standard requires 98% of the H2s present to be removed. (State Ex. 10, p. 30) 
15) Given the characteristics of the HGP-A reservoir fluids and 
the availale emission abatement technology which would be required to 
comply with proposed State air quality standards, geothermal facility 
cooling tower emissions should not be toxic and the plume should 
consist entirely of water vapor. Brine from the plant will be injected 
back into the geothermal reservoir. (State Ex. 10, p. 30) 
16) Abatement of Radon-222 is unnecessary since the level 
emitted from the power plant is lower than most indoor levels where 
cement emits radon in most buildings. (State Ex. 10, p. 30) 
2.5.7 Noise Impact 
1) During the initial phases of geothermal development, persons 
in the vicinity of a geothermal site may be exposed to noise levels 
varying from 40 to 120 decibels, depending upon the distance from the 
well site. (State Ex. 10, p. 33) 
2) High noise levels are produced by well drilling, production 
testing, and well bleeding before connection to the generator. While 
most operations can be effectively muffled by acoustical baffling and 
rock muff1ers, some emit unavoidable noise. (State Ex. 10, p. 33) 
3) The design standard for the HGP-A Wellhead Generator 
project specifies that the noise level one-half mile from the well site 
must be no greater than 65 decibels. Construction of a rock muff1er 
at the facility has reduced noise levels to about 44 decibels at the 
fence line of the project. (State Ex. 10, pp. 33, 34) 
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4) Proposed Hawaii County noise guidelines are 45 decibels at 
night and 55 decibels by day. It is expected that geothermal facilities 
will comply with this guideline. (State Ex. 10, p. 34) 
2. 5. 8 Historic and Archaeological Values 
1) Development of geothermal facilities by site clearing and 
facility construction runs the risk of destroying historical and 
archaeological sites and artifacts. (State Ex. 10, pp. 34, 35) 
2) Estimates of likely impacts can be accomplished by ( 1) 
plotting the location of known archaeological sites within and nearby 
proposed subzones, (2) completing an archaeological literature search 
for each geothermal resource subzone for evidence of early human 
activity, and (3) by archaeological reconnaissance surveys on site. 
(State Ex. 10, p. 34) 
3) Each historical or archaeological site located within a proposed 
geothermal resource subzone or nearby its boundaries was identified 
and a review of Historic Sites section records made. (State Ex. 10, 
p. 35) 
4) No archaeological sites were noted in the Upper East Rift 
Zone on the Historic Sites Office maps (State Ex. 10, p. 35) 
5) A Literature Search, prepared for 
Environmental Impact Statement, addresses sites 
throughout the ahupuaa of Kahaualea. (State Ex. 10, 
the Kahaualea 
and activities 
Appendix C) 
6) The Literature Search concludes that given the variety of 
activities described in various early writings, i.e. canoe building, 
agriculture, and bird catching, pulu collecting, and descriptions of old 
trails in various portions of the Ahupuaa of Kahaualeo, some 
archaeological sites could be expected in the mauka portions of the 
Ahupuaa. (State Ex. 10, Appendix C, p. C-7) 
2.5.9 Scenic and Aesthetic Values 
1) Geothermal resource rift zones are located in remote 
wilderness areas, some of which are heavily forested, development of 
geothermal facilities can represent a visual intrusion. (State Ex. 10, 
p. 36) 
2) Potential sources of visual intrusion include: 
o Clearing forested areas for construction of facilities. 
o Temporary 2-3 month presence of drilling rigs. 
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o Night lighting of drilling rigs. 
o Continued drilling for new wells, replacement wells, and 
injections wells (continued presence of drilling rig). 
o Permanent presence of power plant structures with cooling 
towers (50 to 65 feet in height). 
o Geothermal fluid transmission lines. 
o Electric transmission lines ( 70 + feet in height). 
o Periodic presence of steam plumes above well heads and 
power plant cooling towers (under certain climatic conditions, 
steam plume may rise to 150 to 200 feet above the site). 
(State Ex. 10, p. 36) 
3) Estimates of visual impact are accomplihsed by preparing an 
area wide terrain analysis to determine locations outside the project 
area from which drilling rigs, powerlines, power plant facilities, etc. , 
can be seen. A terrain analysis of visual impacts was completed for 
the preparation of the Kahaualea Environmental Impact Statement. 
(State Ex. 10, p. 36) 
4) The terrain analysis prepared for the Kahaualea EIS, 
indicated that power plants would be visible from viewpoints along the 
Napau Crater Trail as well as from many points in the barren lava 
fields in the area. It was also estimated that one or more power 
plants may be visible from about 30 percent of the rift zone area north 
of the N apau Crater Trail. South of the Trail, power plants cannot be 
seen except from a few high points because of the abrupt change in 
regional slope. (State Ex. 10, Appendix E, pp. E-3 and E-4) 
5) Power plants, if visible, would be at distances of one to six 
miles and would be part of the middle to far-distant background of an 
observer. (State Ex. 10, Appendix E, p. E-4) 
6) Under certain atmospheric conditions, warm moist air from 
facility cooling towers may condense to form a small cloud mass. 
During normal atmospheric conditions, no visible vapors are expected 
from cooling towers. (State Ex. 10, Appendix E, p. E-4) 
2.5.10 Recreational Values 
1) Recreational values in remote areas, include hiking, hunting, 
fishing, and camping. These activities are usually not limited to 
specific areas and can therefore occur anywhere in a rift zone. (State 
Ex. 10, p. 37) 
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2) The impact of geothermal development to remote area 
recreation uses such as hiking and hunting may result in the loss of 
segments of some trails and could affect the number of game animals 
present in the vicinity of the geothermal development. (State Ex. 10, 
p. 37) 
2. 6 Compatability of Geothermal Development and potential 
Related Industries with Present Uses of Surrounding Land 
and Those Uses Permitted Under the General Plan or Land 
Use Policies of the County in Which the Area is Located 
1) Existing land uses surrounding the proposed Kilauea Upper 
East Rift Geothermal Subzone include the Hawaii Volcanoes National 
Park, the grazed area in the vicinity of Ainahou Ranch, the Wao Kele 
0 Puna Natural Area Reserve, and the Volcano and Royal Gardens 
Subdivisions. Also included are portions of the Kilauea Forest 
Reserve, Kilauea Military Camp, and Kilauea Golf Course. (State Ex. 
10, p. 55) 
2) Urban, rural and agricultural state land use 
administered by individual counties through their general 
set forth County objectives and policies for long-range 
and community plans which provide more detailed 
implementing general plans. (State Ex. 10, pp. 40, 41) 
districts are 
plans, which 
development, 
schemes for 
3) The County of Hawaii Genearl Plan, adopted December 15, 
1971, sets forth the following goals and policies for Land Use: 
Goals: 
1. Designate and allocate land uses in appropriate proportions and in 
keeping with the social, cultural, and physical environments of 
the County. 
2. Protect and ecourage the intensive utilization of the County's 
limited prime agricultural lands. 
3. Protect and preserve forest, water, natural and scientific 
reserves and open areas. 
Policies: 
1. Zone urban-type uses in areas with ease of access to community 
services and employment centers and with adequate public utilities 
and facilities. 
2. Promote and encourage the rehabilitation and utilization of urban 
areas which are serviced by basic community facilities and 
utilities. 
3. Allocate apropriate requested zoning in accordance with the 
existing or projected needs of neighborhood, community, region 
and County. 
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4. Establish a "land zoning bank" from which land use zoning may 
be allocated to specified urban centers and districts. 
5. Conduct a review and re-evaluation of the tax structure to assure 
compatibility with land use goals and policies. 
6. Incorporate innovations such as the "zone of mix" into the Zoning 
Ordinance in order to achieve a housing mix and to permit the 
more efficient development of lands which have topographic and/or 
drainage problems. (State Ex. 10, p. 42) 
4) The Kilauea East Rift Zone contains land designated as the 
General Plan as conservation, low density, medium density, resort, 
open area, orchards, alternate urban expansion, and extensive 
agriculture zones. (State Ex. 10, p. 43) 
5) Geothermal development may in some instances not be strictly 
compatible with surrounding land uses or the objectives and policies of 
state and county zoning designations. (State Testimony of Robert T. 
Chuck, p. 26) 
6) Rather than strict compatibility, an acceptable relationship 
between differing land uses and County land use planning objectives 
and policies should be sought. An acceptable relationship is one in 
which mitigation of impacts can be achieved; one in which a buffer can 
be provided; one which the need for development of the geothermal 
resources is balanced against the mitigated impacts. (State Testimony 
of Robert T. Chuck, p. 26) 
7) In addressing land use compatibility, the following 
assumptions were made: 
o Ambient air quality will not be affected since it is expected that 
current abatement technology will be fully utilized in compliance 
with proposed State Department of Health air quality standards 
for geothermal development. 
o Proposed County of Hawaii Noise Guidelines of 45 decibels at 
night and 55 decibels by day will be complied with. It is also 
assumed that the County of ~laui will adopt similar noise 
guidelines in reference to geothermal activities. 
o Geothermal facility siting will be adjusted to avoid endangered 
plants and significant archaeological or historical sites. 
o Visual impacts will be minimized by adjusting the location of the 
site, the alignment of structures so as to present the smallest 
possible aspect and by blending structures with surroundings by 
painting appropriately and by use of non-reflective, light 
absorbent materials and textures and by shielding facilities from 
view by locating behind a puu, or hill, or by placement in a 
forested area. 
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0 Impacts will be further minimized by 
surrounding geothermal facilitieis. (State 
Chuck, page 26; State Ex. 10, p. 50) 
use of buffer zones 
Testimony of Robert T. 
8) Given these assumptions, it was concluded that compatibility 
with existing land uses and zoning can be achieved, and a subzone 
designated where clearly there exists a potential for production, 
prospect for utilization, mitigation of geologic hazards, and potential 
economic benefit to the people of the state. (State Testimony of 
Robert T. Chuck, pp. 26, 27) 
2.7 
2. 7.1 
Potential Economic Benefits to be Derived from 
Geothermal Development and Potential Related Industries 
Economic Need for Indigenous Supply of Electrical Energy 
1) The State of Hawaii depends upon petroleum suplies for 91.4 
percent of all the energy consumed in the State. The oil that Hawaii 
imports costs the State about $1.5 billion per year in funds which flow 
out of the State for this purchase. As a consequence of the high cost 
of imported fuel, electricity rates in Hawaii are among the highest in 
the nation. The Department of Planning and Economic Development 
believes that geothermal energy is the largest, near-term base load 
electric energy potential for Hawaii. Large scale development of the 
geothermal resources on the Big Island is essential to the attainment of 
the State and County of Hawaii objectives of energy self-sufficiency. 
(CDUA No. HA 3/2/82-1463, BLNR Findings of Fact 2/25/1983, p. 
4-43) 
2) About 60 percent of the total energy produced on the Big 
Island is generated from fossil fuels such as industrial and diesel oils. 
Due to the uncertainties of the price and supply of fuel oil, HELCO is 
seeking to ultimately meet electrical system demands solely from 
renewable energy sources such as geoehtermal. In order to encourage 
the development of geothermal resource in Puna by private developers, 
HELCO issued a Request for Proposal (RFP) regarding the development 
of the resource for electric generation. Three private organizations 
responded to HELCO's RFP including True/lVlid-Pacific. These 
organizations are presently preparing to respond to the second phase 
of the RFP which requires them to prove that they have a firm source 
of steam suitable for use in generating electricity. The first phase 
was the qualification phase. HELCO will select a qualified developer 
who can develop the resource and supply reliable electrical power at 
the most favorable terms to HELCO and ratepayers. (CDUA No. HA 
3/2/82-1463, BLNR Findings of Fact 2/25/1983, p. 4-43) 
3) HELCO's Forecast Planning Committee is presently looking at a 
2 percent per year load growth for the Big Island over the next 20 
years. Excess electrical energy produced by geothermal energy could 
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be exported to Oahu and the other islands if the deep-water cable that 
is currently under study can be installed to electrically connect the 
islands. (CDUA No. HA 3/2/82-1463, BLNR Findings of Fact 
2/25/1983, p. 4-43) 
2.7.2 Potential Jobs from Geothermal Development 
1) The Kilauea Upper East Rift geothermal subzone is presently 
unused as an economic entity as there are neither residents nor any 
economic activities on the parcel. (CDUA No. HA 3/2/82-1463, BLNR 
Findings of Fact 2/25/1983, p. 4-42) 
2) From 1960 to 1980, Puna's population growth rate more than 
doubled to a 234 percent increase. A disproportionately large part of 
the population growth in Puna occurred in the age bracket where 
people are most likely to be in the labor market from ages 22 through 
44. As a result, the labor force on the Big Island has been growing 
faster than work opportunities there. (CDUA No. HA 3/2/82-1463, 
BLNR Findings of Fact 2/25/1983, p. 4-44) 
3) The economic activity which could be genrated by 
True/~Iid-Pacific's proposed 250 i\lW project would build up gradually 
during the initial years of exploratory and development drilling. The 
addition of 50 direct jobs during the road construction and exploration 
drilling phase of the initial operations will make a modest contribution 
to the employment requirements of the existing working population on 
the Big Island. As the project moves into an exploration and 
development phase, 200 to 300 construction jobs would be created to 
building the generating plants. l'llany of the construction skills 
necessary for the project can be drawn from existing unemployed or 
underemployed persons on the Big Island. The period of employment 
from resource location and quantification to market determination will 
take several years to mature. The greater employment opportunity at 
Kahaualea may not be available until the end of this decade. Except 
for a small supervisory staff, it is the long-range objective of the 
developer to hire local residents (contracting firms) as much as 
possible. Campbell witness Capuano testified the exploratory drilling 
phase would employ only 15 people. (CDUA No. BA 3/2/82-1463, 
BLNR Findings of Fact 2/25/1983, p. 4-45) 
4) A 20 to 30 I'IIW geothermal power plant will have some economic 
impact on a State-wide and County-wide basis, but the impact would 
probably not be significant. Based upon the data available, the direct 
wages to the 25 direct project employees will be about $560,000 per 
year. This direct income will stimulate a multiplier effect totalling an 
estimated $1.3 million. Additionally, an estimated 57 additional jobs 
will be created. (State Ex. 9, p. vii) 
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2. 7. 3 Public Revenue from Geothermal Development 
1) Based on a 20-30 lVIW scenario, the selected sources of public 
revenue analyzed will not yield a significant amount, in relative terms 
as well as in absolute ones, due to the size of the plant. However, 
only after a more complete analysis of the pubic revenue and public or 
community resource cost of a specific development will it be known 
whether the public revenues will outweigh the public costs. (State 
Ex. 9, p. vii) 
2) Various sources of public revenue may result from the 
existence of a geothermal plant, including property tax, fuel tax, 
general excise tax, corporate income tax, personal income tax, and 
possibly royalty income. (State Ex. 9, p. 4) 
2.7.4 Impacts on Community Infrastructure 
The impact of the assumed 25 additional households from a 20-30 
l'vl\V development to the community would be primarily in the housing 
market, assuming that all the assumed 25 workers needed by a 20-30 
:viW plant come from outside the County. Realistically, only a portion 
will be "imported" into the County. Thus the impact on housing is not 
expected to be as great. Other community resources will not be 
affected in a significant manner. (State Ex. 9, p. vii) 
Each of the assumed 25 households from a 20-30 :VIW development 
will require housing units. At current market prices, these 
households will probably rent or lease rather than purchase. With a 
tight housing market, the additional households will place increasing 
upward pressure on housing prices. This will be especially true in 
the rental market where the demand is expected to be the greatest. 
(State Ex. 9, p. 6) 
As a Statewide average cost per pupil of $2,700 in 1982, the 
assumed 25 additional households from a 20-30 }i\V development would 
possibly increase educational expenditures by approximately $62,100 in 
1982 dollar terms. This figure will cover the cost of an additional 
teacher that will probably be required for the estimated 23 school-age 
children. (State Ex. 9, p. 6) 
Assuming a ratio of 2 sworn police offiers per 1, 000 resident 
population, no additional police offiers will be required for the assumed 
additional 78 residents from a 20-30 lVIW development. (State Ex. 9, p. 
7) 
The assumed additional 78 residents from a 20-30 MW development 
within a community would not require additional firemen, assuming a 
ration of 2. 2 firemen per 1, 000 population. (State Ex. 9, p. 7) 
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2.7.5 Potential Industries Related to Geothermal Development 
It was assumed that a 20-30 l\ll\V plant would be used solely for 
the production of electricity for local consumption. However, direct 
use application of geothermal power in "spa" facilities, agriculture, 
aquaculture, food processing, and other uses, in addition to the use 
of electricity may be feasible. Larger geothermal developments may 
also support alternate industries such as manganese nodule processing 
and the transmission of "excess" electricity to Oahu via an undersea 
transmission cable. However, it must be determined during 
subsequent permitting processes whether these conditional uses are 
appropriate in the Conservation district in which the Kilauea Upper 
East Rift Geothermal Subzone is situated. (State Ex. 9, p. 10) 
2.8 Compatability of Geothermal Development 
Related Industries with the Uses Permitted 
183-41 and 205-2, Hawaii Revised Statutes, 
Falls Within a Conservation District 
and Potential 
under Sections 
\lhere the Area 
1) Conservation Districts include areas necessary for protecting 
watershed and water sources; preserving scenic and historic areas; 
providing park lands, wilderness, and beach; conserving endemic 
plants, fish, and wildlife; preventing floods and soil erosion; forestry; 
open space areas whose existing openness, natural condition, or 
present state of use, if retained, would enhance the conservation of 
natural or scenic resources; areas of value for recreational purposes; 
and other related activities; and other permitted uses not detrimental 
to a multiple use conservation concept. (State Testimony of Robert T. 
Chuck, p. 28) 
2) Conservation means a practice, by both government and 
private landowners, of protecting and preserving, by judicious 
development and utilization, the natural and scenic resources attendant 
to land including territorial waters within the State, to ensure optimum 
long-term benefits for the inhabitants of the State. (State Testimony 
of Robert T. Chuck, p. 28) 
3) Of the four land use districts, the Conservation District is 
the only one administered by the State of Hawaii. Individual counties 
administer urban, rural and agricultural lands. (State Ex. 10, p. 39) 
4) Chapter 183-41, HRS, established Conservation Districts and 
enabled the State Department of Land and Natural Resources to 
promulgate regulations to implement the statute. Implementation was 
accomplished under the Department's Administrative Rule, Title 13, 
Chapter 2. Under this rule, the Conservation District is further 
subdivided into five subzones: Protective (P), Limited (L), Resource 
(R), General (G) and Special Subzones (SS). (State Ex. 10, p. 39) 
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5) The Protective Subzone has as its objective the protection of 
valuable resources in such designated areas as restricted watersheds; 
marine, plant, and wildlife sanctuaries, significant historic, 
archaeological, geological, and volcanological features and sites; and 
other deisngated unique areas. The Limited Sub zones are designated 
areas where natural conditions suggest constraints on human activities. 
The objective of the Resource Subzone is to develop, with proper 
management, areas to ensure sustained use of the natural resources of 
those areas. General Subzones are open space areas where specific 
conservation uses may not be defined, but where urban use would be 
premature. Special Subzones are specifically designated areas which 
possess unique developmental qualities which complement the natural 
resources of the area. (State Ex. 10, p. 39) 
6) In accordance with the Administrative Rules of the Department 
of Land and Natural Resources, State of Hawaii §13-2-11, 12, 13, and 
14 certain uses are permitted within each of the Conservation District 
sub zones. The following uses are permitted in the Protective 
Sub zones: 
(1) Research, recreational, and educational use which require no 
physical facilities; 
( 2) Establishment and operation of marine, plant, and wildlife, 
sanctuaries and refuges, wilderness and scenic areas, including 
habitat improvements; 
(3) Restoration or operation of significant historic and archaeological 
sites listed on the national or state register; 
( 4) Maintenance and protection of desired vegetation, including 
removal of dead, deteriorated and noxious plants; 
(5) Programs for control of animal, plant, and marine population, to 
include fishing and hunting; 
(6) ~Ionitoring, observing, and measuring natural resources; 
( 7) Occasional use; and 
(8) Governmental use not enumerated herein where public benefit 
outweighs any impact on the conservation district. 
The following uses are permitted in the Limited Subzone: 
(1) All permitted uses stated in the (P) subzone; 
(2) Emergency warning systems or emergency telephone systems; 
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( 3) Flood, erosion, or siltation control projects; and 
( 4) Growing and harvesting of forest products. 
The following uses are permitted in the Resources Subzone: 
(l) All permitted uses stated in the (P) and (L) subzone; 
(2) Aquaculture; 
(3) Artificial reefs; and 
( 4) Commercial fishing operations. 
The following uses are permitted in the General Subzone: 
(1) All permitted uses as stated in the (P), (R), and (L) subzones; 
and 
(2) Development of water collection, pumping, storage, control, and 
transmission. 
(State Ex. 10, p. 40) 
7) The Kahaualea section of the Upper East Rift Zone is zoned 
Conservation, Limited Subzone. The objective of the Limited Subzone 
as stated in the Department's Administrative Rule, Title 13, Chapter 2, 
is to limit uses where natural conditions, such as volcanic acrtivity, 
suggest constraints on human activities. (State Testimony of Robert 
T. Chuck, p. 39) 
8) Development of geothermal facilities would entail intermittent, 
limited use of the Conservation District by persons operating a 
geothermal facility. Evacuation of a limited number of individuals from 
an area in the event of volcanic activity can be accomplished quickly, 
thus conditional use of the Limited Subzone could be allowed. (State 
Testimony of Robert T. Chuck, p. 40) 
9) In each of the Conservation District sub zones, Protective, 
Limited, Resource and General the use of the area for "monitoring, 
observing, and measuring natural resources" is permitted. In this 
respect, exploration of geothermal resources can be allowed in a 
conservation district. 
10) 
of James 
activities 
potential 
The Board of Land and Natural Resources granted the Estate 
Campbell permission to conduct baseline and exploratory 
for the purpose of measuring, monitoring, and observing 
geothermal resources within the area of Kahaualea 
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on February 25, 1983, as these are clearly permitted uses within this 
Limited subzone of conservation classified lands. DLNR's Admin-
istrative Rules and Regulations specifically allow as a permitted use in 
the Limited subzone the following: monitoring, observing, and 
measuring natural resources. (DLNR 13-2-ll(c)(6)) (CDUA No. 
HA-3/2/82-1463, Findings of Fact, Conclusions of Law, Decision and 
Order, February 23, 1983, p. 9-1) 
11) The development of geothermal resources can lead to 
widespread public benefit. The use of lands within a conservation 
district in which "governmental use not enumerated herein where 
public benefit outweights any impact on the conservation district" is 
permitted. In managing the uses of conservation lands, careful 
analysis of the proposed use is required and when the benefits of the 
proposed use are determined to be greater than any impact on the 
land, the use can be permitted. (State Testimony of Robert T. 
Chuck, p. 40) 
12) Public benefit from geothermal resources to be developed in 
the Kiluaea Upper East Rift Zone has been established and mitigation 
of potential impacts can be accomplished. As such, an acceptable 
balance between geothermal development and the objectives of the 
Conservation District has been established. 
2. 9 Objectives, Policies and Guidelines Set Forth· 
in Part I of Chapter 205A, HRS 
1) Chapter 205A, Coast Zone Management was reviewed for 
applicability as provided by Act 296, HRS 1983, and a determination 
was made that the objectives, policies and guideline is not applicable to 
the designation of geothermal resource subzones at the Kilauea Upper 
East Rift, Island of Hawaii. 
2.10 Provisions of Chapter 226, HRS 
1) Chapter 226 Hawaii State Planning Act was reviewed for 
applicability and a determination was made that substantial provisions 
of the Chapter applies to the designation of geothermal resource 
subzone at the Kilauea Upper East Rift, Island of Hawaii. 
2) The Hawaii State Planning Act provides the achievement of 
the following objectives in planning for the State's energy facility 
systems: 
a. Dependable, efficient, and economical statewide energy 
systems capable of supporting the needs of the people. 
b. Increased energy self-sufficiency. (State Ex. 14, p. 23) 
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3) Policies to achieve the energy objectives are cited: 
a. Accelerate research development and use of new energy 
sources. 
b. Provide adequate, reasonably priced, and dependable power 
to accommodate demand. 
c. Ensure a sufficient supply of energy to enable power 
systems to support the demands of growth. 
d. Promote the use of new energy sources. (State Ex. 14, p. 
23) 
4) Chapter 226 also establishes an overall priority direction to 
address areas of statewide concern. The priority action for energy 
use and development include "encourage the development of alternate 
energy sources." (State Ex. 14, p. 23) 
5) The Hawaii State Planning Act also provides for the 
formulation of Functional Plans in twelve functional areas of services 
provided by the State government. One such area specified is in the 
functional area of energy. The Act provides that the functional plan 
shall contain objectives to be achieved and policies to be pursued in 
the primary field of activity and such policies shall address major 
programs and the location of major facilities, and shall also contain 
implementtion priorities and actions which may include, but not be 
limited to, programs, maps, regulatory measures, standards, and 
interagency coordination provisions. 
The following implementing actions relating to geothermal energy 
are excerpted from the State Energy Functional Plan. 
ALTERNATE ENERGY RESOURCE DEVELOPMENT 
"B. OBJECTIVE: Accelerate the Transition to an Indigenous 
Renewable Energy Economy by Facilitating Private Sector 
Activities to Explore Supply Options and Achieve Local 
Commercialization and Application of Appropriate Alternate 
Energy Technologies. 
"Hawaii's near-total dependence on imported petroleum, spiraling 
oil prices, the net outflow of dollars for oil payments, and the 
political unrest of major oil-producing nations threaten local 
economic stability and the ability to serve energy needs over 
time. Support and assistance for private sector activities to 
develop local energy resources will reduce dependence on the 
world oil market, improve the State's balance of payments, and 
thus promote economic development, and increase the number and 
diversity of employment opportunities. 
-47-
"B ( 1). POLICY: Investigte and alleviate non-technical 
(legal/institutional/ economic/ financial) barriers to alternate 
energy resource development. 
''B(l)(g). I~IPLEl\IENTING ACTION: GEOTHERl\lAL ENERGY -
Support continued Implementation of the State Geothermal 
Commercialization Program to address and mitigate legal and 
institutional concerns. 
"B (2). POLICY: Facilitate research, development and 
demonstration activities designed to resolve remmmng 
technical barriers to alternate energy technologies in order 
to expedite local commercialization. 
"B(2)(a). I~IPLEl\JENTING ACTION: Continue statewide 
alternate energy resource assessment studies as appropriate 
to supplement private sector investigations. 
"B(2)(g). H1IPLEl\IENTING ACTION: GEOTHERMAL ENERGY -
Continue geothermal research activities as appropriate to 
support commercialization efforts." 
(State Ex. 14, pp. 24-26) 
2 .11 Consideration and Examination of Factors for 
Recommending Subzone Designation 
1) In enacting Act 296, the Legislature found that the 
of Hawaii's g·eothermal resources is of 
this interest must be balanced with 
development and exploration 
statewide concern and that 
interests in preserving Hawaii's 
(Act 296, SLII 1983, Section l) 
unique social and natural environment. 
2) Pursuant to Act 296, the BLNR compared all areas showing 
geothermal potential within each county and proposed geothermal 
resource sub zones, based on a finding that the areas are those sites 
which best demonstrate an acceptable balance between the factors set 
forth in subsection b of Act 296. (Act 296, Subsection D) 
3) The Technical Committee did conduct a county-by-county 
assessment of Hawaii's potential geothermal areas based on currently 
available geotechnical information. (State Ex. 14, p. 63) 
4) Twenty separate potential geothermal resource areas were 
identified and studied. Of these, seven areas were identified and 
mapped as having high temperature geothermal resources of 125 degree 
celsius or 257 degree fahrenheit at depths less than 3 kilometers or 
9840 feet. Five areas are located on the island of Hawaii and two on 
lilaui. Five other areas in the State were identified as having low 
temperature geothermal resources of less than 125 degree celsius. 
(State Ex. 14, p. 63) 
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5) Examination of the factors set forth in subsection b of Act 
296 indicated that several impacts may result from the exploration, 
development, and production of geothermal resources for electrical 
power generation; however, these impacts can be mitigated. All of 
these factors have been cumulatively examined and it has been 
determined that the Kilauea Upper East Rift Geothermal Resource 
Subzone can provide an acceptable balance among these iactors as 
required by Act 296, SLH 1983. (State Ex. 14, p. 63) 
6) The Kilauea Upper East Rift Zone has been found to have the 
following desirable elements for the exploration, development and 
production of geothermal resource energy. (State Ex. 14, p. 64) 
a. The Kilauea Upper East Rift 
developing geothermal resources. 
Zone has potential 
(State Ex. 14, p. 64) 
for 
b. There is 
production 
Upper East 
c. There is a 
as a viable 
14, p. 64) 
interest in the exploration, development and 
of geothermal resource energy in the Kilauea 
Rift Zone. (State Ex. 14, p. 64) 
commitment towards geothermal resource energy 
alternate energy source for Hawaii. (State Ex. 
d. Advanced technology in geothermal resource development, 
such as emission control systems, noise control systems, well 
and power plant designs, and safety provisions from lava 
flows, will reduce the concerns for public health and safety. 
(State Ex. 14, p. 64) 
e. Potential environmental impacts 
and it has been determined 
mitigated to accerptable levels. 
have been fully investigated 
that these impacts can be 
(State Ex. 14, p. 64) 
7) After having considered and examined all factors, the Board 
of Land and Natural Resources hereby determines that the Kilauea 
Upper East Rift Geothermal Resource Subzone be designated as a 
geothermal resource subzone. 
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B. CONCLVSIONS OF LA\1 
1) The Board of Land and Natural Resources has the authority, 
pursuant to Act 296, SLH 1983, and Act 151, SLH 1984, and, also, its 
Administrative Rules, Title 13, Chapter 184, to designate the Kilauea 
Upper East Rift Zone as a geothermal resource subzone. 
2) In its assessment of the Kilauea L'pper East P,ift Zone as a 
potential geothermal resource subzone, the Board of Land and Natural 
Resources has fully examined and considered the following factors: 
a. The area's potential for the production of geothermal energy; 
b. The prospects for the utilization of g·eothermal energy in the 
area; 
c. The geologic hazards that potential geothermal projects would 
encounter; 
d. Social and environmental impacts; 
e. The compatibility of geothermal development and potential 
related industries with present use of surrounding land and 
those uses permitted under the general plan or land use 
policies of the county in which the area is located; 
f. The potential economic benefits to be derived from 
geothermal development and potential related industries; 
g. The compatibility of geothermal development potential related 
industries with the uses permitted under sections 183-41 and 
205-2, where the area falls within a conservation district; 
and 
h. The objectives, policies and guidelines set forth in Part I of 
Chapter 205A, and the provisions of Chapter 226, HRS, the 
Hawaii State Planning Act, and also, the Hawaii State Energy 
Functional Plan. 
3) The designation of the J-;ilauea Upper East Rift Zone as a 
geothermal resource subzone does not per se allow use of the area for 
geothermal exploration, development, and production of electrical 
energy; use of the Kilauea Upper East Rift Zone for geothermal 
exploration, development and production will be allowed only upon 
issuance of subsequent permits by the appropriate State or County 
government agencies on a case-by-case basis. 
4) The Kilauea Upper East Rift Zone proposed for designation as 
a geothermal resource subzone is comprised of lands designated 
"conservation district" by the State Land Use Commission. 
5) The Board of Land and Natural Resources, State of Hawaii, 
has the authority, pursuant to Chapter 205, HRS, and Chapters 171 
and 183, HRS, and its Administrative Rules, Title 13, Chapter 2, to 
act upon and approve Conservation District Use Application Permits. 
6) Geothermal use may be allowed within the Conservation 
District under Title 13, Chapter 2, Administrative Rules of the 
Department of Land and Natural Resources. 
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7) The Division of Water and Land Development of the Depart-
ment of Land and Natural Resources, as the agency proposing the 
designation of the Kilauea Upper East Rift Zone as a geothermal 
resource subzone has the burden of presenting a prima facie case in 
support of the proposed designation. 
8) A prima facie case having been established by the Division of 
\Vater and Land Development, the burden of proof then is upon those 
parties initiating the contested case proceedings to prove, by a pre-
ponderance of the evidence: 
a. that the Kilauea Upper East Rift Zone should not be 
designated as a geothermal resource subzone, or 
b. that the evidence and record before 
Natural Resources does not support 
Kilauea Upper East Rift Zone as 
subzone. 
the Board of Land and 
the designation of the 
a geothermal resource 
9) The provisions of Act 296, SLH 1983, Act 151, SLH 1984, and 
Administrative Rules, Title 13, Chapter 184 of the Department of Land 
and Natural Resources have been fully complied with in the designation 
of the Kilauea Upper East Rift Zone as a geothermal resource subzone. 
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C. DECISION 
Based on the Findings of Fact and Conclusions of Law stated 
herein, IT IS THE DECISION of the Board of Land and Natural 
Resources, as follows: 
1) There exists a future need for geothermal energy as an 
alternate source of energy on the Island of Hawaii and 
throughout the State of Hawaii. 
2) Kilauea Upper East Rift Zone has high potential for 
geothermal energy resource development. 
3) There exists substantial private developer interest in the 
exploration of geothermal resource energy in the Kilauea 
Upper East Rift Zone. 
4) The evidence and record before the Board of Land and 
Nat ural Resources supports, by a preponderance of the 
evidence, the designation of the Kilauea Upper East Rift 
Zone as a geothermal resource subzone. 
5) Those parties and intervenors participating in the contested 
case hearing as opponents to the designation of the Kilauea 
Upper East Rift Zone as a geothermal resource subzone have 
failed to prove, by a preponderance of the evidence, that 
the Kilauea Cpper East Rift Zone should not be designated 
as a geothermal resource subzone. 
6) Those parties and individuals participating in the contested 
case hearing as opponents to the designation of the Kilauea 
Upper East Rift Zone as a geothermal resource subzone have 
failed to prove, by a preponderance of the evidence, that 
the evidence and record before the Board of Land and 
Natural Resources does not support the designation of the 
I-:ilauea Upper East Rift Zone as a geothermal resource 
subzone. 
7) The Board of Land and Natural Resources hereby approves 
and designates that portion of the Kilauea Upper East Rift 
Zone, containing an area of 5, 300 acres, more or less, 
described herein and more particularly delineated on the 
maps marked "Figure 111 and "Figure 2", attached hereto and 
made parts hereof, as a geothermal resource subzone. 
8) In its designation of the Kilauea Upper East Rift Zone as a 
geothermal resource subzone, the Board of Land and Natural 
Resources has fully considered and balanced the development 
and exploration of Hawaii's geothermal resources with the 
interests in preserving Hawaii's unique social and natural 
environments. 
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D. ORDER OF BOARD OF LAND AND NATURAL RESOURCES 
The herein Findings of Fact, Conclusions of Law and Decision of 
the Board of Land and Natural Resources are hereby APPROVED AND 
SO ORDERED. 
DATED: Honolulu, Hawaii, 
APPROVED AS TO FORM: 
WILLIAM M·. TAM 
Deputy Attorney General 
State of Hawaii 
Attorney for BOARD OF LAND 
AND NATURAL RESOURCES 
BOARD OF LAND 
AND NATURAL RESOURCES 
SUSUMU ONO 
Chairperson and Member 
ROLAND H. HIGASHI 
Member 
THOMAS S. YAGI 
Member 
MOSES W. KEALOHA 
Member-at- Large 
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PREFACE 
Act 296, Session Laws of Hawaii 1983, as amended by Act 151, 
SLH 1984, requires that the Board of Land and Natural Resources 
examine various factors when designating subzone areas for the 
exploration, development, and production of geothermal resources. 
These factors include potential for production, prospects for 
utilization, geologic hazards, social and environmental impacts, land 
use compatibility, and economic benefits. The Department of Land and 
Natural Resources has prepared a series of reports which addresses 
each of the subzone factors. This report analyzes the major geologic 
hazards and their resultant effects within potential geothermal areas. 
Effects include risks to people and property. Available hazard 
mitigation techniques will also be described. 
This report was prepared by Joseph Kubacki, Energy Specialist, 
in collaboration with Dr. George Walker, Volcanologist with the Hawaii 
Institute of Geophysics, and under the general direction of Manabu 
Tagomori, Chief Water Resources and Flood Control Engineer, Division 
of Water and Land Development, Department of Land and Natural 
Resources. 
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SUMMARY 
The same volcanic activity which provides the source of 
geothermal heat may also create a hazard to people and property. 
Volcanic hazards include lava flows, pyroclastic fallout, ground 
deformation, cracking, and subsidence. With proper evacuation 
planning, lava flows should not be a great danger to people because of 
their usually slow speed and 
substantial property damage 
somewhat predictable paths; however, 
is a possibility. The table below 
summarizes past eruptive activity. 
Historic Eruptions Within Geothermal Resource Areas 
Number of Average 
Eruptions A rep 
Location Since 1750 (km ) 
Kilauea Upper East Rift* 21 6 
Kilauea Lower East Rift* 5 11 
Kilauea Southwest Rift 5 7 
Mauna Loa Northeast Rift 7 37 
Mauna Loa Southwest Rift 7 34 
Hualalai 1 46 
Haleakala Southwest Rift 1 6 
Haleakala East Rift 0 
A significant phenomenon is unique to Kilauea: the southern 
flanks of its rift zones are much more prone to be covered by lava 
flows than are the north flanks due to topography. This is clearly 
depicted by the chronological maps in figure 9 and by the graph in 
figure 10. 
*An imaginary line extending approximately north of Kalapana 
distinguishes the lower and upper east rift zone. Caldera eruptions 
were not considered. 
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Earthquakes hazards include ground shaking, cracking, and 
subsidence. Several tectonic earthquakes above magnitude 6 have 
been reported on the island of Hawaii; particularly in the coastal and 
saddle areas. Less powerful, volcanic earthquake swarms commonly 
occur in rift zone areas. 
Geothermal developments near coastal areas should consider the 
possibility of damage from tsunami and ground subsidence. 
Several mitigation methods are described which may reduce the 
risk from geologic hazards. These methods include strategic siting, 
special construction designs and fortifications, evacuation planning, 
decentralization of power plants, and giving development investors a 
clear economic incentive to utilize mitigation methods by having them 
assume a major portion of the associated risks of loss. 
In the past, several attempts have been made to restrict the flow 
of Java in Hawaii, Italy, and Iceland. These examples are provided to 
illustrate the effectiveness of the technology used and the costs 
involved. In those situations, governmental authorities spent large 
amounts of money, sometimes millions of dollars, in efforts to protect 
communities threatened by lava flows. 
The past history and nature of geologic hazards can provide a 
valid guide to the probable course of future activity; although it is 
not possible to detail the specific time and location of such activity. 
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LAVA FLOWS 
GEOLOGIC HAZARDS IN HAWAII; 
THEIR DESCRIPTION AND EFFECT 
Lava flows are generated in most volcanic eruptions in Hawaii and 
can cover extensive areas extending out to more than 10 km from the 
source; be they from a vent or a long linear fissure or crack. Lava 
tends to flow freely in a fairly predictable course determined by 
ground slope. However, ridges built by cooling lava on the sides of a 
flow may create channels and divert lava from the steepest slope. 
Flows from earlier phases of an eruption can quickly change the 
topography and expected course of the flow. In a somewhat similar 
manner, other natural and man-made obstacles can divert lava flows. 
l\lost lava flows are thin, about 1 meter in near vent areas 
increasing commonly to about 5 meters in its distal part; although some 
individual flows (e.g. Pu'u 0) have been significantly thicker. Struc-
tures more than 5 meters high are not immune from burial by lava. 
There is a strong tendency for many lava flow units to be generated 
during a single eruption. These flows will superpose upon one 
another, particularly near the vent where accumulations over 10 meters 
thick may be constructed by accretion of many individually thin 
layers. 
Lava flows vary in their flow behavior. Thick distal aa flows 
tend to bulldoze, crush, bury, and burn any surface structures in 
their path. The more fluid, newly erupted, proximal (near-vent) lava 
tends to flow around obstacles. A fluid flow could enter buildings and 
may not cause much structural damage beyond igniting flammable 
materials and softening and distorting some of the metalwork. In 
principle, fluid pahoehoe lava could subsequently be removed and the 
building reoccupied. In principle this would also apply to flows cover-
ing protective well cellars and thin pahoehoe flows surrounding trans-
mission piping (see mitigation below). 
Removal of cooled lava would be feasible if the flows were 
sufficiently thin and friable, and if the eruption was not lengthy. 
Using Kilauea as an example, since 1800, the average duration of an 
eruption has been about 60 days, with many lasting only one day and 
some, such as the ~launa Ulu and the current Pu 'u 0 eruptions, 
lasting years. 
Since the crust tends to insulate underlying lava, cooling time for 
lava increases exponentially with the thickness of the flow. It would 
take about 200 days for 1 meter (1000 days for 4 meters) of lava to 
cool to 200°C (extrapolated from Peck, 1974). However, cooling time 
can be significantly reduced if great amounts of water are applied to a 
cooling flow area. 
Island, Iceland.) 
(See section on lava cooling effort at Heimaey 
Thus, recovery from a deep or long enduring flow could take 
many months. Mitigation techniques may significantly reduce risk from 
flows. A long recovery time would not be acceptable to a damaged 
electric utility power plant unless sufficient reserve capacity were 
available. 
Past volcanic activity can suggest future activity, however it is 
not possible to detail the specific time and place of future eruptions. 
Summit swelling and increasing swarms of volcanic earthquakes can 
warn of impending eruptions. 
PYROCLASTIC FALLOUT 
Explosive eruption fountains may eject rock fragments of many 
sizes and types. The weight and depth of fallout can be appreciable 
as far as even 500 or 1000 m away from an eruptive vent or fissure. 
Large fragments tend to fall close to the vent building cones that may 
be tens of meters high. Smaller particles can form a long, narrow, 
blanket many feet thick downwind of the vent. Figure 1 shows a 
pumice blanket originating from Kilauea Iki vent. Cones tend to be 
higher and fallout more extensive on older volcanoes, such as 
Haleakala than on Mauna Loa or Kilauea; some cones on Haleakala 
exceed 100 meters high. 
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The probability of an eruption being powerfully explosive (with 
resultant increased debris) increases as the coast is approached and is 
near 100% for a vent within about 1 km of the coast. Steam generated 
by magma from the near-surface groundwater promotes such 
explosiveness. An example of potential damage from pyroclastic fallout 
is given by the 1960 Kapoho eruption where some buildings were 
destroyed because of the weight of cinder and ash upon their roofs 
(Macdonald, 1962). Other dangers from fallout include lung irritation, 
poor visibility, anxiety or panic, blockage of escape routes, and 
severe cleanup problems. 
GROUND CRACKS 
Cracks, which may open as much as several feet, can be the 
surface expression of dikes that fail to reach the surface. These 
cracks can produce a surface graben several meters wide and deep in 
which the ground is let down between two parallel cracks. This type 
of cracking related to magma movements is concentrated in volcanic rift 
zones which are clearly defined and narrow features (see figure 2). 
Cracks could also open outside a rift zone; not enough information is 
available to access the probability, but it decreases rapidly as the 
distance from the rift zone increases. 
Ground cracking can also be associated with earthquakes, result-
ing from tectonic activity. Their formation is often accompanied by a 
relative vertical or lateral displacement of the ground on either side. 
Tectonic ground cracking is usually localized in definable zones; e.g. 
the Hilina and Koae fault systems at Kilauea (see figure 3). 
Ground cracking across a geothermal plant could cause a suspen-
sion of operation, depending on the extent and location of damages. 
Pipes carrying steam between the wells and plant are likely to 
remain undamaged by moderate ground cracking, since they are 
designed with expansion joints at regular intervals. 
Ground cracking close to a well bore might open up an alternate 
path for the steam and cause its Joss from the well. It is unlikely for 
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a crack to intercept a well bore due to the vertical pitch of most 
cracks. 
GROUND SUBSIDENCE 
On the mainland, subsidence due to con traction of clay or sand 
formations may result from the withdrawal of geothermal fluids in those 
formations. In Hawaii, subsidence from geothermal fluid withdrawal is 
not likely to be problem; since the islands are generally composed of 
dense, yet porous, self-supporting basaltic rock, especially in 
geothermal production zones. Of more concern is the volcanic or 
tectonic subsidence which usually occurs on or about active rift zones, 
e.g. Kilauea. 
Small to large grabens may result with the subsidence of rock 
blocks (usually rectangular) which are downthrown along or between 
cracks, e.g. 1960 Kapoho graben (see section on ground cracks). 
Subsidence and cracking may also be associated with tectonic 
earthquakes, e.g. subsiding slump blocks in Hilina fault system at 
Kilauea (figure 3). 
Collapsing pit craters and lava tubes can result in very severe 
localized subsidence. Pit craters usually occur within a summit or 
upper rift zone of a volcano. Figure 4 explains their formation which 
can result in subsidence up to hundreds of feet. Fragile, 
near-surface lava tubes (usually found in pahoehoe flows) are subject 
to collapse from heavy surface activity. A geologic site survey could 
reveal these hazards. 
Aside from the immediate effects subsidence may have on the 
foundation and contents of a power plant; subsidence also increases 
the hazards from lava flows since flows usually seek lower areas. 
EARTHQUAKES 
Most earthquakes in Hawaii are volcanic; resulting from 
near-surface magma movements. They are small in magnitude and 
usually cause little direct damage. Larger earthquakes tend to be 
tectonic, generally resulting from the movement of large rock bodies. 
-4-
The largest Hawaiian earthquake occurred on the island of Hawaii in 
1868, having a magnitude of 7. 5. 
Major earthquake shaking can easily damage buildings; especially 
those poorly constructed. Indirect damage may be caused by the 
smaller but more frequent volcanic earthquakes; e.g. collapse of lava 
tubes, landslides, and compaction (Mullineaux and Peterson, 1974). It 
is recommended that power plants be constructed to withstand shaking 
from a 7.5 magnitude earthquake (Stearns). 
TSUNAMI 
Tsunamis are large sea waves usually generated by movement of 
large submarine rock masses although some are caused by volcanic 
eruptions. These devastating waves can travel great distances at 
speeds of almost 500 mph and move on shore turbulently or merely rise 
quietly. The highest reported wave of 60 feet above sea-level resulted 
from a local earthquake on the island of Hawaii in 1868 (Macdonald et 
a!, 1983). l\luch larger tsunamis have been reported elsewhere. 
Thus tsunami hazard is probably localized to a zone of land at 
most 2 km wide around the coast, and at elevations below about 75 
feet. This should not pose a significant danger to geothermal 
developments which are likely to be situated at higher elevations. 
MEASURES TO MITIGATE DMIAGE FROM GEOLOGIC HAZARDS 
Various methods which could be used to mitigate dangers from 
geologic hazards are listed below. No attempt is made to prioritize 
methods since priorities may differ with the risks at each specific site. 
A survey should be conducted on each development site to closely 
examine topography and structural integrity of the surface and sub-
surface areas. 
• Keep the power plant as far outside the rift zone as is possible 
since volcanic activity is concentrated there, e.g. lava flows, lava 
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tubes, cracking, subsidence, pit craters, grabens, swelling. The 
piping distance from the well field to the power plant is limited 
due to increased thermal losses with distance; for example, the 
Kahauale'a site development map shows a maximum distance of 
about 2-! miles from its farthest well to a power plant. 
• Power plants and wells should be constructed on the highest 
ground available. Even a very small hill or ridge could offer 
considerable protection from lava flows. Channels and valleys 
should be avoided, even if upslope, as lava flows tend to be 
channeled into and be deepest in these relatively low areas. 
• If a sufficiently large hill is not available, a plant or well could 
be protected by constructing an earth-and-rock platform several 
meters high. Depending on the perceived risk from flow hazard, 
wells or plants can be sufficiently fortified to withstand almost 
any lava flow (Mullineaux and Peterson, 1974). A cost/risk 
analysis would have to be made. 
• Another well-protection alternative is to enclose the well-head in a 
concrete cellar allowing the lava to flow above rather than around 
the well-head. Recovering a well covered with a thick flow could 
be quite arduous and time consuming. The precise effect the 
lava's heat would have on the well-head mechanisms is not known. 
• To complement the platform a berm or wall could be constructed 
to divert lava flows. The embankment should be several meters 
high around the upslope and cross-slope sides of the structure. 
(See section on diversion walls below.) 
• Available information indicates that the northern flank of Kilauea's 
rift zones are safer than the southern. For example, ground 
movements are more frequent on the Kilauea east rift zone's 
southern flank. By referring to figure 9 it is apparent that over 
the past 250 years the vast majority of erupted lava on Kilauea's 
rift zones has flowed over the southern slopes. Figure 10 depicts 
the percentage of ground covered by lava in the past 30 years, 
as distance varies north and south of the Kilauea east rift zone 
axis. A similar relationship does not appear to apply to volcanoes 
at other proposed geothermal areas in Hawaii. 
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• A geologic survey may identify near-surface lava tubes which 
could collapse under construction. 
• Power plants should be modular and somewhat portable so that, if 
all fortifications fail, units might be salvaged and reused. This 
tends to encourage use of smaller decentralized plants. 
• Steam transmission piping may be protected from a thin, fluid 
pahoehoe flow by installing downslope support structures. Thick 
aa flows would probably disrupt surface piping. Underground 
piping may offer more protection but installation and maintenance 
would be quite costly. 
• Comprehensive evacuation plans should be designed to assure 
worker safety. Warning time prior to inundation can be as little 
as one hour (Moore, 1984). Procedures should be established to 
protect equipment. Multiple access roads should be provided in 
the event one gets covered by a flow. 
• The development should coordinate contingency planning with 
government field geologists (e.g. Hawaiian Volcano Observatory) 
and local civil defense authorities to ascertain when an eruption 
appears imminent and what subsequent action should be taken. 
Escape and abandonment procedures may be flexible but should be 
predetermined and clear. The developers have been giving this 
area their attention. 
• If a lava flow is impending during well drilling, the well can be 
fitted with a pressure and temperature resistant "bridge plug" to 
safely isolate and protect the lower, resource-bearing, portion of 
the well. These plugs can be installed in one hour (Niimi, 1984). 
• Trip wires, placed in the expected path of a lava flow, can alert 
development personnel as to the distance and speed of the oncom-
ing flow. The crew can then take appropriate action in accord 
with their preexisting evacuation plan (Niimi, 1984). 
• Protecting structures or machinery against damage by pyroclastic 
fallout might be achieved by enclosing those parts vulnerable to 
abrasion or contamination. Building roofs should be strong, 
having a sufficient pitch so that pyroclastic fallout does not 
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accumulate. Access to roofs should be easy so that, if neces-
sary, they can be manually kept cleared of pyroclastic material. 
• Plant generators can be specifically designed to be adjustable to 
some ground surface tilting or subsidence (Capuano, 1984). 
• Steam transmission piping can be made with expansion joints to 
accommodate appreciable subsidence and ground movements. 
• Plants should be constructed to withstand an earthquake of 7.5 
(Stearns). 
• Power plants should not be constructed in coastal regions, if risk 
from tsunami is to be avoided. 
• In extraordinary and particular situations, bombing a lava channel 
may cut the feed to a flow-front and prevent or slow further 
advance in the front area (see section on bombing lava channels). 
• If warranted by volcanic risk, adequate spacing between 
developments should be maintained so that one eruption would not 
likely endanger more than one development. It is a common 
utility practice to maintain reserves sufficient to prevent a major 
blackout. Reserve requirements (and associated costs) may be 
limited by using small decentralized power plants rather than one 
large plant. 
• If geothermal development investors assume a major portion of the 
economic risk of loss resulting from geologic hazards, then 
developers would have a clear economic incentive to utilize 
appropriate mitigation measures and to select sites which offer the 
optimum balance of safety and productivity. 
• It is generally assumed that the resource developers will bear the 
risks of loss associated with their activities. However, if the 
utility owns the power plant, there may be some question as to 
whether the investors or the rate-payers will bear the risks of 
loss. This assumption of risk would be reflected in the cost of 
electricity from geothermal plants. It may be better that this 
cost be apparent "up front" rather than be delayed and possibly 
deferred to rate-payers in the event of a catastrophe. In the 
past, there have been some instances where hazard losses were 
recovered by the utility from rate revenues (e.g. Hila tsunami of 
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1960). Policy regarding assigning and clarifying risks of loss 
may be implemented by imposing conditions to be met by 
development investors prior to the granting of a geothermal 
resource permit by the State (conservation district) or Counties 
(urban, rural, or agriculture districts). 
PAST ATTEMPTS TO MITIGATE GEOLOGIC HAZARDS 
CONSTRUCTION OF WALLS TO RESTRICT LAVA FLOWS IN 
KAPOHO, HAWAII 
Macdonald (1962) wrote an excellent article on walls built to 
restrict lava flows during the 1959 and 1960 Kilauea eruptions. The 
1960 eruption resulted in a flow of 113 million m3 of lava, burying 
about 6 km2 of land including most of Kapoho village. Both dams 
(which tend to impound flows) and diversion barriers (which alter flow 
course) were constructed. Diversion barriers are more likely to be 
successful in most situations. 
Some of Macdonald's conclusions regarding the effectiveness and 
nature of the walls are presented: 
Walls must be constructed of heavy materials; not cinder as lava 
tends to burrow under it. Lava-rock is preferred; especially aa 
clinker since it is easily bulldozed and its spiny character allow 
them to bind well. 
Walls must have a broad base and adequate height to prevent 
overflow; e.g. if flow is 10 m thick, the base should be about 
30 m wide. 
Outwide walls should be gently sloped to lessen erosion should an 
overflow develop. 
If the wall is a diversion barrier, a smooth unobstructed path or 
channel should be along the inside of the wall to promote diverted 
flow. In addition, the channel must also have sufficient slope to 
promote flow, i.e. at least 2 percent. 
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Yielding of walls to lava pressure was limited to only a few places 
where wall was built from light cinder. 
Macdonald summarizes the success of the Kapoho walls by noting 
that "they have demonstrated that properly constructed walls will 
endure the thrust of even thick lava flows without yielding; and that 
walls with adequately sloping clear channels behind them will success-
fully change the course of a flow." Others believe that "structures of 
sufficient size and strength could be constructed to divert lava flows 
as large as any historic flow ... if the need were great enough a 
carefully planned, small-scale system might be feasible and effective" 
(Mullineaux and Peterson, 1974). 
USE OF LAVA DIVERSION WALLS AND EXPLOSIVES 
ON MOUNT ETNA, ITALY 
In 1983, lava flows from Mt. Etna in Italy threatened two towns 
downslope of an active vent (Figure 16A). In response to the 
situation, a lava diversion program was initiated to mitigate damages 
from the lava flows. This included two diversion barriers and the use 
of explosives. 
With explosives, it was intended to create a significant diverting 
leak in a channel supplying lava to the flow front. A portion of the 
lava channel was removed by heavy equipment to provide for proper 
placement of the explosives (Figure 16B). It was observed that 
efforts to cool the drill (using water and dry ice) cooled the lava, 
thereby reducing the cross-sectional area of the lava tube and causing 
the lava to "back-up" and overflow the lava tube; this resulted in 
some unintended but welcomed lava diversion. 400 kg of explosives 
were finally inserted and detonated which caused a small lava flow 
away from the main lava tube. 
The diversion barriers were quite substantial (Figure 16C); one 
being 150,000 m3 and 500 m long, the other 120,000 m3 and 300 m 
long. Work continued while lava was accumulating on the interior of 
the diversion wall. The first barrier, though eventually overtopped, 
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caused major channels to be diverted from one town. The second 
barrier also succeeded in diverting the lava away from a second town. 
This effort was quite substantial, utilizing 100 pieces of major 
equipment and over 100 men (working 90 hours per week), at a cost of 
$3 million. However, savings due to prevention of property loss were 
estimated at $5-25 million. (See Williams and Moore, 1977.) 
PUMPING WATER ON LAVA FLOWS IN KAPOHO, HAWAII 
Water may chill and partially congeal a flow margin. During the 
1960 Kapoho flow, the Hawaii Fire Department pumped water on the 
flow margin. Macdonald (1962) found that "it was possible to locally 
check the advance of the flow margin. Although the check is tempo-
rary, it is sometimes possible in that way to gain the short time--up to 
several hours--that may be needed to remove furnishings or other 
materials from a building, or even to remove the building itself." 
This has obvious application to a geothermal development. If 
warranted, a sufficient supply of water might be kept on hand for lava 
cooling purposes; possibly from the same source as the power plant 
cooling water. The amount of rainfall in geothermal areas should also 
be considered (e.g. figure 5). 
PUMPING WATER ON LAVA FLOWS ON HEI~lAEY ISLAND, ICELAND 
In 1973, when lava flows threatened a coastal town on Heimaey 
Island, Iceland, a program was designed to: (1) slow advancing lava 
by pumping great volumes of seawater over the flow and (2) divert the 
lava flow using a diversion barrier. The water-pumping program was 
the largest ever attempted. Seventy-five men working at times around 
the clock, sprayed approximately 7. 3 million cubic yards of seawater 
onto the lava flow at a cost of $1.5 million. The pumped water 
converted 5. 5 million cubic of molten lava into solid rock, cooling the 
lava 50 to 100 times more rapidly than self-cooling. A specialized 
system of pumps and piping was utilized. (See Lockwood, 1983.) 
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BOMBING OF LAVA CHANNELS ON MAUNA LOA, HAWAII 
This technique can only be used in appropriate situations, i.e. to 
break-down walls of near-vent lava channels, clogging them, thereby 
lessening the supply of lava to distal lava flow fronts. This would 
promote spreading of the flow in the bombed areas. Bombing of Mauna 
Loa flows was tried twice; but was not particularly useful in those sit-
uations (Macdonald, 1962). The legal ramifications of damages caused 
by diverting flow paths should be explored. 
EMERGENCY PLANNING AT THE GEOTHERMAL DEVELOPMENT 
IN KRAFLA, ICELAND 
In 1975 an emergency situation developed at Krafla, in Northern 
Iceland. A geothermal power plant under construction was located 
within 1 km of the locus of ground deformation and seismic activity of 
the type that proceeds volcanic eruptions. This activity continued for 
over five years with construction proceeding normally though several 
small lava eruptions occurred within 2 km of the plant. Careful 
contingency plans were designed for the evacuation of site workers, 
but the lava flows did not directly contact the power plant. On one 
occasion lava did rise into one of the well bore-holes without 
significant effect. Construction was concluded and the geothermal 
development is now operating. 
This particular development is sited in a rift zone similar to the 
Hawaiian rift zones. Detailed emergency planning should draw upon 
the contingency plans which resulted from this experience in Iceland 
(see Tryggvason, 1973). 
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GEOLOGIC HAZARD ANALYSIS 
MAUl 
A Maui volcanic hazard map has been prepared by D. Crandell 
(1983) which describes the frequency of past eruptions. 
Haleakala Southwest Rift Zone 
Flows range from 200 to 20,000 years old. Six flows have 
erupted in this area within the last 1000 years. Based on past 
activity, the average rate of eruption is one per 150-200 years. The 
last flow occurred in 1790 by the coast; it was the largest ( 6 km2) of 
the more recent flows. See figures 6 and 7. 
Haleakala East Rift Zone 
The most recent flow on the east side of Haleakala is just north 
of this geothermal resource area between Olopawa and Puu Puou; it is 
about 500 years old. Based on past activity, the average rate of 
eruption is one per 10,000 years. 
The above risk from volcanic hazards includes dangers from lava 
flows and other attendant phenomenon such as pyroclastic fallout, 
cracking, subsidence, swelling, and emission of volcanic gases. 
The most recent earthquake near Maui occurred in 1938, 40 miles 
off the northern coast of East Maui. Some damage to roads and build-
ings on l\laui and Molokai was reported (Macdonald et al, 1983). 
Cracking and subsidence may also be associated with large earth-
quakes. 
Crandall (1983) states that although Haleakala's "eruptive history 
suggests that an eruption could occur on Haleakala within the next 
hundred years, there is as yet no way to predict a specific time or 
place of the next eruption." 
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HAWAII 
Figures 8 through 11 show the locations of historic lava flows and 
fault systems. Figures 12 through 15 show relative zones of risk from 
flows, fallout, subsidence, and ruptures. 
Hualalai 
The only historic eruption of 
produced two large flows covering 46 
ocean. 
Hualalai occurred in 1801. It 
2 km east and north towards the 
Several thousand earthquakes, from a source beneath Hualalai, 
shook the island in 1929. This may indicate subsurface magmatic 
movement or a readjustment or settling of the mountain. 
Eruptions and earthquakes (and associated cracking, fallout, 
subsidence, etc.) may occur here in the future but it is not possible 
to predict the precise time and place of future activity. 
Mauna Loa Southwest Rift Zone 
• There have been 7 eruptions on the southwest rift zone since 
1832; an average of one eruption every 22 years. 
• The latest and largest flow occurred in 1950 
2 91 km . The average flow has been about 34 
covering 
2 km . 
an area of 
• Hawaii's largest earthquake (magnitude 7. 5) occurred in 1868 near 
the southern tip of the island. 
• Eruptions and earthquakes (and associated hazards of ash fallout, 
ground deformation, cracking, and subsidence) are likely to occur 
here in the future but it is not possible to predict the precise 
time and location of future activity. 
• There is no danger from tsunami in this geothermal resource area 
since its lowest elevation is about 1500 feet. 
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Historic Eruptions of Mauna Loa Southwest Rift 
Repose 
since 
last Altitude Area of Volume Average Duration eruption of vent thickness 
Date (days) (months) (m) 
flow2 (km ) (m3) (m) 
Mar. 1868 15 990 223.7 140,000,000 5.9 
Jan. 1887 10 226 1710 29.4 220,000,000 7.5 
Jan. 1907 15 240 1860 21.1 75,000,000 3.5 
May 1916 14 112 2220 17.2 60,000,000 3.5 
Sept. 1919 42 41 2310 23.9 255,000,000 10.7 
Apr. 1926 14 77 2280 34.8 110.000.000 3.2 
June 1950 23 290 2400 91.0 440,000,000 4.8 
Total 95 986 241.1 1,300,000,000 
Average 14 164 1967 34.4 186,000,000 6.3 
(13. 7 yrs) ( 21 ft) 
Source: 'vlodified after Macdonald, et al, (1983). 
~launa Loa Northeast Rift Zone 
• 
• 
• 
• 
There have been 7 eruptions on the northeast rift zone since 
1832; an average of one every 22 years. Most eruptions 
originated at elevations higher than the proposed 7000' resource 
area cut-off; but flows commonly travel into this area. 
The largest flow, in 1880, covered an area of 62 km2 . The 
average flow has been about 37 km2 . 
The most recent flow, in Spring 1984, covered an area of over 30 
2 km and stopped close to Hilo, Hawaii. 
Earthquakes with magnitudes above 6 have occurred in the saddle 
area between Mauna Loa and Kilauea, e.g. magnitude 6. 7 in 
November 1983. 
• Eruptions and earthquakes (and associated hazards of ash fallout, 
ground deformation, cracking, subsidence, etc. ) are likely to 
occur here in the future but it is not possible to predict the 
precise time and place of future activity. 
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• There is no danger from tsunami in this geothermal resource area 
since its lowest elevation is about 3500 feet. 
Historic Eruptions of Mauna Loa Northeast Rift 
Repose 
since 
last Altitude Area of Volume Average Duration eruption of vent flow2 (m3) thickness Date (days) (months) (m) (km ) (m) 
Feb. 1852 20 2520 28.6 100,000,000 3.5 
Aug. 1855 450 40 3150(?) 31.7 110,000,000 3.5 
Nov. 1880 280 288 3120 62.4 220,000,000 3.5 
Jul 1899 19 215 3210 42.1 145,000,000 3.5 
Nov. 1935 42 435 3630 35.9 115,000,000 3.2 
Apr. 1942 13 76 2760 27.6 75,000,000 2.7 
~lar. 1984 503 3600 30+ 300,000,000 4.8 
Total 824 1557 258+ 1,065,000,000 
Average 137 260 3141 37 152,000,000 3.5 
(4.5 mo.) (22 yrs) (11t ft) 
Source: Modified after Macdonald, et al, ( 1983). 
Kilauea Southwest Rift Zone 
• There have been 5 eruptions on the southwest rift zone since 
1750; an average of one every 47 years. 
• The largest flow, in 1919, covered an 
2 
average flow has been about 7 km . 
2 
area of 13 km . The 
• The most recent volcanic activity occurred in 1982, when magma 
moved into the rift zone. This caused ground cracking but no 
lava erupted. 
• The southern flanks of Kilauea's rift zones are more prone to be 
covered by lava flows than are the north flanks due to its 
topography (see Figure 9). 
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• Earthquakes with magnitudes above 6 have occurred in the saddle 
area between Mauna Loa and Kilauea, the largest being of mag-
nitude 6. 7 in November 1983. 
• Eruptions and earthquakes (and associated hazards of ash fallout, 
ground deformation, cracks, subsidence, etc.) are likely to occur 
here in the future; but it is not possible to predict the precise 
time and place of future activity. Intervals between historic 
eruptions in the southwest rift zone have varied from 3 years 
(1971 to 1974) to 52 years (1919 to 1971). 
• There may be some danger from tsunami and ground subsidence 
in the coastal portion of this geothermal resource area. 
Historic Eruptions of Kilauea Southwest Rift 
Repose 
since 
last Altitude Area of Volume Average Duration eruption of vent flow2 (m3) 
thickness 
Date (days) (months) (m) (km ) (m) 
i\1ay 1823 Short 400 10 11,000,000 1.1 
Apr. 1868 Short 539 770 .1 183,000 1.8 
Dec. 1919 221 620 900 13 45,300,000 3.5 
Sep 1971 5 615 1000 3.9 7,700.,000 2.0 
Dec. 1974 1 38 1080 7.5 14,300,000 1.9 
Total 1812 34.5 78,483,000 
Average Short 453 830 6.9 16,000,000 2.7 
(38 yrs) (9 ft) 
Source: Modified after Macdonald, et a!, (1983). 
Kilauea Upper East Rift Zone 
For purposes of this hazard analysis the east rift zone is divided 
into upper and lower segments. A line extending roughly north of 
Kalapana distinguishes these two areas (see line A-A, figure 8). 
Eruptions at the caldera area were not considered as a rift zone 
eruption. 
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• There have been 21 eruptions on the upper east rift zone since 
1750; an average of one every 11 years. 
• The largest flow, the Mauna Ulu flow of 1972, covered an area of 
• 
2 2 35 km . The average flow has been about 6 km However, the 
greater volumes of the more recent eruptions may be a better 
guide to future events than the generally small-volume historic 
eruptions prior to 1969. 
The current Pu'u 0 eruption has covered an area over 30 km2 . 
This eruption began in January 1983 and has been through 23 
phases so far. The localized present danger will subside after 
the Pu'u 0 eruption is determined to have ended by qualified 
geologists. 
• The southern flanks of Kilauea's rift zones are much more prone 
to be covered by lava flows than are the north flanks due to its 
topography (see Figure 9). Figure 10 graphically depicts the 
percentage of ground covered by lava flows, from 1954 to 1984, 
as it varies with distance north and south of the rift zone axis. 
• The largest recent earthquake (magnitude 7 .2) occurred in 1975 
about 5 km southwest of Kalapana. It resulted in cracking, 
subsidence, and tsunami (Macdonald et al, 1983). 
• Most volcanic cracking and subsidence are centered about the rift 
zone. However, there is considerable faulting associated with the 
Koae and Hilina fault system south of the caldera (See Figure 3). 
• There may be some danger from tsunami and ground subsidence 
in the coastal portion of this geothermal resource area. 
• As Kilauea is highly active, eruptions and earthquakes (and asso-
ciated hazards of ash fallout, ground deformation, cracks, 
subsidence, etc.) will occur here in the future; but it is not 
possible to predict the precise time and place of future activity. 
Intervals between historic eruptions in the upper east rift zone 
have varied from days apart (1973) to 38 years (1923 to 1961). 
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Historic Eruptions of Kilauea Upper East Rift* 
Repose 
since 
last Altitude 
Duration eruption of vent 
Date (days) (months) (m) 
~lay 1840 26 900 
Area of 
flow2 (km ) 
3.4** 
"lay 1922 2 983 800 .1 
Volume 
3 (m ) 
Average 
thickness 
(m) 
41,000,000** 12 
? 
Aug. 1923 1 16 900 .5 73,000 .2 
Sep 1961 3 456 500 .8 2,200,000 2.8 
Dec. 1962 2 15 950 .1 310,000 3.1 
Aug. 1963 2 9 900 .2 800,000 4.0 
Oct. 1963 1 2 900 3.4 6,600,000 1.9 
:liar. 1965 10 17 750 7.8 16,800,000 2.2 
Dec. 1965 1 9 920 .6 850,000 1.4 
Aug. 1968 5 40 650 .1 130,000 1.3 
Oct. 1968 15 2 850 2.1 6,600,000 3.1 
Feb. 1969 6 4 900 6.0 16,100,000 2.7 
~.Jay 1969 867 3 940 12.5 176,700,000 14.1 
Feb. 1972 455 4 940 35.1 119,600,000 3.4 
1.Jay 1973 1 0 990 .3 1,200,000 4.0 
Nov. 1973 30 6 925 1.0 2,700,000 2.7 
Dec. 1973 203 0 940 8.1 28,700,000 3.5 
July 1974 3 0 1040 3.1 6,600,000 2.1 
Sep. 1977 18 38 550 7.8 32,900,000 4.2 
Nov. 1979 1 25 970 .3 580,000 1.9 
Jan. 1983 _5~2~0_+ ______ ~3~9 ______ ~7~5~0 ____ ~30~+ ____ ~2~0~0~,0~0~0~,~00~0~+--~6~.7~ 
Total 2172 1668 126 667,643,000 
Average 103 83 855 6 32,000,000 7.6 
(3 .5 mo.) (7 yrs) ( 25 ft) 
* In this report, a !me extendmg roughly north of Kaiapana 
distinguishes the lower and upper east rift zone (see Figure 8). 
Eruptions in the caldera area were not considered as a rift zone 
eruption. 
**The 1840 flow occurred roughly 1 I 5 within the upper east rift and 
4/5 within the lower east rift; the appropriate fractional portion 
is shown in the table. 
Source: Modified after Macdonald, et a! (1983). 
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Kilauea Lower East Rift Zone 
• 
• 
• 
• 
• 
• 
• 
Date 
1750 (?) 
1790 (?) 
~Jay 1840 
There have been 5 eruptions on the lower east rift zone since 
1750; an average of one every 47 years. 
The largest flow, in 1955, covered2 an area of 16 km
2
. The 
average flow has been about 11 km . 
The most recent flow, in 1960, covered an area of about 11 km2 
near and in Kapoho. 
The southern flanks of Kilauea's rift zones are much more prone 
to be covered by lava flows than are the north flanks due to its 
topography (see Figure 9). Figure 10 graphically depicts the 
percentage of ground covered by lava flows, from 1954 to 1984, 
as it varies with distance north and south of the rift zone axis. 
Intervals between historic eruptions have varied from 5 years 
(1955 to 1960) to 115 years (1840 to 1955). It is not possible to 
predict the precise time and place of future eruptions. 
The earthquake of 1868 on the southern tip of the island was the 
largest earthquake in this area (magnitude 7. 5) . 
There may be some danger from tsunami and ground subsidence 
in the coastal portion of this geothermal resource area. 
Historic Eruptions of Kilauea Lower East Rift* 
Repose 
since 
last Altitude Area of Volume Average Duration eruption of vent flow2 (m3) thickness (days) (months) (m) (km ) (m) 
510 4.1 14,200,000 3.5 
480 300 7.9 27,500,000 3.5 
26 605 350 13,8** 164,000,000** 11.9 
Feb. 1955 88 1384 175 15.9 87,600,000 5.5 
Jan. 1960 36 56 35 10.7 113.200.000 10.6 
Total 2525 52,4 406,500,000 
Average 50 631 274 10.5 81,000,000 9.5 
(53 yrs) (31 ft) 
* In this report, a line extending roughly north of Kalapana 
distinguishes the lower and upper east rift zone (see Figure 8). 
Eruptions in the caldera area were not considered as a rift zone 
eruption. 
**The 1840 flow occurred roughly 1/5 within the upper east rift and 
4 I 5 within the lower east rift; the appropriate fractional portion 
is shown in the table. 
Source: Modified after Macdonald, et al, p. 64 (1983) 
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EXPLANATION 
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Figure 1. Map of the Kilauea summit area, showing extent of pumice 
blanket from Kilauea Iki vent in 1959. (In Mullineaux and 
Peterson, 1974, from Richter and others, 1970) 
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Figure 2. Map of part of the east rift zone of Kilauea showing faults, 
cracks, and lava flows formed in 1961. (In Holcomb, 1980; 
modified after Richter et al. , 1964) 
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Figure 3. Map showing the pattern of faults in the Hilina fault system, on 
the southern flank of Kilauea volcano. (In Macdonald et al., 
1983; modified after Stearns and Macdonald, 1946) 
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Diagram showing the manner of formation of 
Makaopuhi. a double pit crater. A. A subcircular fault block 
sinks. leaving a crater at the surface. !The position and attitude 
of the faults is hypothetical.) The upper walls of the crater col-
lapse to form talust>s (pilE's of rock fragments! that hide the lower 
walls. B. Lava pouring into the crater collects in a deep pool. the 
surface of which solidifies to form a nearlv flat floor. C. A second 
block sinks, making a second crater that cuts across the western 
edge of the first one. The pool of lava in the bottom of the second 
crater is from a small eruption in !922. D .. -\ much hor!(er erup-
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Figure 4. Formation of pit craters. (Macdonald et al., 1983) 
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Figure 5. Rainfall of Kilauea. (In Holcomb, 1980; after Taliaferro 1959) 
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Figure 6. Map of the southwestern part of Haleakala volcano, island of 
Maui, showing the lava flows of the 1790 eruption and the 
spatter cones at their vents. (In Macdonald et al., 1983; 
modified after Stearns and Macdonald, 1942) 
-26-
-, 
, 
0 
'1- 0 
' 0 
1' 
-" , 0 
'):. 
, 
1' 
/ 
0 
-<' , 
, -" 0 
0 
0 00 
0 0 
0 , 
, 
0 , 
X 
0 
0 0 
0 
0 
Xx X X X 
• • X • • X 
• • 
0 5 m•les 
of----~,-~ k•lomerers 
Figure 7. Map of Haleakala volcano, showing vents of the Kula (circles) 
and Hana (crosses) Volcanic Series. ~lolokini Islet is a tuff cone 
on the south west rift zone of Haleakala. (In r.lacdonald et al. , 
1983; after Stearns and Macdonald, 1942) 
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Figure 8. Map of the island of Hawaii, showing the five major volcanoes 
that make up the island, and the historic lava flows. 
(Macdonald et a!., 1983) 
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Figure 9. Summary of Kilauea's eruption history during the last 1500 
years. (Holcomb, 1980) 
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Figure 10. Percentage of ground covered by lava flows, from 1954 to 1984, 
as it varies with distance north and south of Kilauea's east rift 
zone axis. If 30 years is the assumed life of a geothermal 
power plant, these figures suggest the probability that sites 
may be threatened by burial during their lifetime, as based on 
Kilauea's history from 1954 to 1984. 
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Figure 12 0 Zones of relative risk from lava-flow burial. Risk increases from 
"a" through "f" o (Mullineaux and Peterson, 1974) 
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Figure 13. Zones of relative risk from falling volcanic fragments: H, high: 
M, medium; L, low. (Mullineaux and Peterson, 197 4) 
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Figure 14. Volcano rift and shoreline zones subject to relatively high risk 
from subsidence (cross hachured). (Mullineaux and Peterson, 
1974) 
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Figure 15. General areas of high (H), medium (l'll); and low (L) risk from 
surface ruptures. (Mullineaux and Peterson, 1974) 
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Figure 16A. 1983 lava flow on Mt. Etna in Italy. 
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16c 
Figure 16B. Cross-section of explosives placement area. 
Figure 16C. Typical barrier cross-section 
(Figures from Lockwood, 1983) 
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PREFACE 
Act 296, Session Laws of Hawaii 1983, as amended by Act 151, 
SLH 1984, requires that the Board of Land and Natural Resources 
examine various factors when designating subzone areas for the 
exploration, development, and production of geothermal resources. 
These factors include potential for production, prospects for 
utilization, geologic hazards, social and environmental impacts, land 
use compatibility, and economic benefits. The Department of Land and 
Natural Resources has prepared a series of reports which address each 
of the subzone designation factors. A brief description of geothermal 
technology emphasizing those aspects with possible environmental 
effects is provided in this publication. 
This report was prepared by Joseph Kubacki, Energy Specialist, 
under the general direction of Manabu Tagomori, Chief Water 
Resources and Flood Control Engineer, Division of Water and Land 
Development, Department of Land and Natural Resources. The 
assitance of Dr. Donald M. Thomas, Geochemist with the Hawaii 
Institute of Geophysics, is acknowledged and appreciated. 
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SUMMARY 
In Hawaii, geothermal reservoirs are expected to occur 
4, 000-8,000 feet below sea level. Rotary drilling rigs likely to be 
used in Hawaii are rated for drilling to a maximum depth of about 
16,000 feet. Holes may be drilled perpendicular to the ground 
surface or directional to almost any desired angle from ground 
surface. The local subsurface geology and the availability of well 
control techniques and blow-out prevention equipment minimizes the 
risk of well blow-outs. Approximately ten acres of cleared land may 
be needed to site the wells necessary for a 25 megawatt power plant. 
Drilling r.:md and cuttings may be disposed of at the drill site sump or 
can be removed if required. While in the production zone, return air 
is likely to contain hydrogen sulfide which can be abated by a caustic 
soda abatement system. After well completion, up to eight hours of 
unabated venting may be necessary to clear rock debris. Well casing 
intergrity is essential if usable water aquifers are to be protected. 
Steam piping from well-head to power plant may be placed about five 
feet above ground on saddles or may be buried for safety and 
aesthetics. 
Before a power plant becomes operational the State Department of 
Health must issue permits regarding the quality of the air and fluids 
discharged from the plant. The proposed DOH regulations require a 
98% H2s removal and a maximum concentration of about 25 parts per 
billion H2S at the property line. Abatement systems are available 
which can meet these standards, eg. the Stretford abatement system. 
Contingency abatement systems are likely to be designed into the 
power plant. The plume exiting the cooling tower should consist 
entirely of water vapor. The use drift eliminators in the cooling 
tower should prevent water droplets from exiting with the vapor. 
Liquid effluent should be piped into deep injection wells. If the silica 
content of the effluent is high, a silica dropout system may be 
utilized to prevent injection well plugging. The surface area for a 25 
megawatt power plant may be about seven acres. 
vii 
Roads and electric 
upgraded to accomodate 
production activities. 
transmission lines may be constructed or 
geothermal exploration, development, and 
The County of Hawaii geothermal noise guidelines limit noise to 
55 decibels by day and 45 decibils at night at nearby residences. 
Abatement technology exists to abate noise to acceptable levels. 
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GEOTHERMAL TECHNOLOGY 
GEOTHERMAL WELLS 
Drilling Depth 
In Hawaii, geothermal reservoirs are expected to occur 
4, 000-8,000 feet below sea level. The rotary drilling rigs likely to be 
used in Hawaii are rated for drilling to a maximum depth of about 
16,000 feet. Some mainland oil-rigs can drill to 22,000 feet but are 
not considered economical when applied to geothermal development 
here. The basic elements of a rotary drilling rig are shown in 
figure 1. 
Directional Drilling 
A geothermal rig can drill a hole perpendicular to the ground 
surface or directional holes to almost any desired angle from ground 
surface. A moderate curve in the drill route can also be achieved. 
Directional drilling can reduce both environmental and economic costs 
by allowing multiple holes to be drilled from one drill site. However 
the most economic and shortest route for a drill hole is usually 
straight and perpendicular to the surface. 
Drill Hole Casing 
Figure 2 depicts a typical well profile. The drilled hole has a 
26-inch diameter for the first 250 feet, tapering to an eight inch 
diameter bottom hole in the production zone. The usual casing 
program includes a conductor pipe (surface to 250 feet), surface 
casing (surface to 2500 feet), intermediate casing hung from the end 
of the surface casing (2500 to 4000-6000 feet), and possibly a 
production liner hung from the end of the intermediate casing to 
bottom hole. All joints should be cemented and joined to ensure casing 
integrity into the production zone. Available well control techniques 
and blow-out prevention equipment can substantially reduce the risk of 
well blow-outs. 
Drill Site Surface Area 
A 2/1 ratio of good to bad wells is expected in a proven resource 
area. Once a successful well is drilled, six closely spaced wells (four 
expected successful) may be drilled within a radius of 2000 feet of the 
drill site. Two acres of land would be cleared for an exploratory 
hole. Approximately five acres of land would be cleared on a proven 
drill site. Four successful wells (three and spare) may be needed for 
a 12.5 megawatt (MW) plant. Generation capacity can vary from three 
to ten MW per well depending on the output rate and type (water or 
vapor dominated) of geothermal resource. The HGP-A test well is 
producing about three ~1\V; however commercial wells are expected to 
have a larger capacity. Unsuccessful or expended wells would be 
abandoned unless used for injection of geothermal effluent. 
Drilling Emissions and Effluents 
Depending on geologic structure and capability of drilling 
equipment, either "drilling mud" or air will be used to remove cuttings 
and lubricate the drill bit. Drilling activities may use 2000 barrels of 
water per day per well. The mud and cuttings are disposed of at a 
drill site sump but can be removed to an approved disposal site if 
required. In the production zones, air drilling (instead of mud) may 
be used to avoid reduction of permeability in the production zone. 
While in the production zone, the return-air will contain cuttings and 
geothermal gases (most significant being H2S). A caustic soda (NaOH) 
injection system and cyclone muffler can be used to abate hydrogen 
sulfide (H 2S), particulates, and noise during drilling (see figure 3). 
After completing the well, four to eight hours of unabated venting may 
be required to clear the hole of rock debris. Completed wells will be 
subjected to flow testing to determine reservoir characteristics. 
Emissions must meet Department of Health (DOH) standards. If the 
well is water dominated, a flash separator may be used at the well site 
to return brine to either a nearby percolation pond or reinjection well. 
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Injection Wells 
One injection well may be needed for the three active wells which 
may be required to fuel a 12.5 MW plant. The number of injection 
wells will vary depending on the permeability of the injection well and 
the quantity of brine flowing from the production wells. The initial 
injection wells (specifically drilled for injection) are likely to be close 
to the plant to limit brine piping distance. Nonproducing or expended 
production holes may also be used for injection. Geothermal effluents 
will be injected into a geothermal aquifer having similar characteristics. 
Drill casing intergrity through overlying fresh water aquifers is 
essential if usable water supplies are to be protected. Injection wells 
are subject to standards and regulations of the State Department of 
Land and Natural Resources and Department of Health. 
STEAM PIPING 
The steam piping from well-head to plant is likely to be 16 to 22 
inch diameter carbon-steel pipes. Piping may be placed four to six 
feet above ground-level on "saddles" which may be fortified to 
accomodate pahoehoe lava flows. Alternatively, piping may be buried 
for safety and aesthetics. The piping will have expansion joints which 
will allow for thermal expansion and some ground movement. Surface 
area needed for a pipeline corridor is discussed in "roads" section 
below. 
GEOTHERMAL POWER PLANTS 
Operation 
Figure 4 depicts a simplified geothermal power generation system, 
emphasizing emissions and effluents. Before a plant becomes 
operational the Department of Health must issue permits regarding the 
quality of the air and fluids discharged from the plant. Components 
of this system are described below. 
The characteristics of the geothermal fluid may vary from site to 
site. It may be liquid or vapor dominated. A vapor dominated system 
provides more steam for power generation per hole while reducing the 
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hamount of brine which must be injected back into the ground. 
HGP-A is a water dominated system. Kapoho wells #1 and #2 have 
been reported to be vapor dominated. 
As the geothermal fluid enters the power plant the steam and 
brine components are separated in the "separator". The compostion of 
the HGP-A brine is given in figure 5. Various heavy metal concen-
tration such as arsenic, lead, and mercury are very low and should 
remain in the brine that is eventually reinjected. The steam phase 
leaving the separator consists of primarily water vapor and non-
condensable gases. These gases as found at HGP-A are listed in 
figure 6. The two most significant noncondensable gases are H2S and 
Radon 222. As described below, the level of H2S can be almost 
completely abated. Outdoor concentration levels of emitted radon, if 
properly abated by dilution in the cooling tower, are lower than most 
indoor levels; since cement emits some radon in most buildings. 
Again, the composition of fluids and gases are likely to vary a bit with 
each reservoir. 
The steam phase from the separator enters the turbine, turns the 
rotors, and exhausts into the condenser. Electricity is produced as 
the turbine spins the generator. The steam flow and resultant 
turbine-rotor turning is enhanced by the vacuum created in the 
condenser as the steam is condensed into liquid. This liquid 
(condensate) returns with the warm condenser cooling water to the 
cooling tower where it is cooled by evaporation. The size of the steam 
plume will vary with the size and efficiency of the plant, the cooling 
tower design, and the ambient weather characteristics. 
Emission Abatement 
The gas phase which exits the condenser consists primarily of the 
same noncondensable components which left the separator, most notably 
H2S. An abatement system is utilized at this point to reduce the H2s 
content to an acceptable level (see figure 4). A report recently 
prepared for the U.S. Environmental Protection Agency, Evaluation of 
BACT for and Air Quality Impact of Potential Geothermal Development 
in Hawaii, analyzes most available H2s abatement systems. These 
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include the iron catalyst primary system; the iron catalyst secondary 
system; the hydrogen peroxide, caustic, iron catalyst (HPCC) primary 
system; burner-scrubber system; and the Stretford system. The 
report recommends the Stretford system as the primary on-line 
abatement system. This system can remove over 99% of the H2S 
contained in the non condensable gases. By-products of the Stretford 
system include marketable elemental sulfur and sludge which requires 
disposal. 
A geothermal plant is expected to be on-line 90-95% of the time. 
Contingency abatement systems can be utilized in the event the plant 
is "down" for maintenance or emergency. If maintenance is required 
on either the turbine or generator, the geothermal steam can be routed 
directly into the condenser utilizing the primary abatement systems. 
Since the turbine does not dissipate any heat or energy in the bypass 
mode, the cooling system must be over-designed to accomodate the 
extra heat during "turbine bypass". If the primary abatement system 
is not operational, a secondary abatement system such as NaOH 
(caustic soda) scubbing can be used in combination with a rock muffler 
to achieve 92-95% H2S removal (see figure 4). In emergencies, well 
throtting may be accomplished by manual valve turndown or automatic 
valve control. Throtting must be slow (at least 15 minutes) and can 
reduce flow to a fraction of the well's maximum flow rate. The degree 
of throtting possible will depend upon the characteristics of each well. 
However, there is a danger that the additional stress with increased 
pressure could damage the well-bore, casing, or well-head equipment. 
If a geothermal development has more than one power plant, the wells 
could be moderately throtted and diverted to an operating plant. If 
all the above contingency abatement options are not available, a 
geothermal well may have to be free vented through a silencer without 
H2S abatement until the required maintenance is completed or such time 
as the well can be shut-in completely. 
The abated gases, condensate, and warm water are circulated 
through the cooling tower. Cooled water from the cooling tower is 
recirculated through the condenser; any excess water (blowdown) is 
piped into an injection well. It is expected that a wet, mechanical 
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draft, cooling tower will be applied to geothermal development. Warm 
water enters the tower near the top, while a fan forces air through 
slats designed to maximize the surface area of the falling warm water. 
Use of drift eliminators significantly reduces the chance that any water 
droplets will exit with the steam plume. This falling water also scrubs 
any particulates from the gas exiting the abatement system. At "The 
Geysers" geothermal development in California, small amounts of boron 
from the condensate has been emitted with cooling tower drift (small 
water droplets entrained in the the steam plume) having some adverse 
effects on nearby vegetation. 
HGP-A reservoir fluids and 
Based on the characteristics of the 
the emission abatement which will be 
required by the DOH, cooling tower emissions from Hawaii's geothermal 
resources should not be toxic to flora and fauna in the vicinity of the 
geothermal power plant. Data available from the HGP-A indicates that 
the plume from the cooling tower should consist entirely of water 
vapor. The proposed DOH regulations require 98% H2S abatement and 
a concentration of no greater than 25 parts per billion H2S at the 
property line of a development. 
In addition to cooling tower blowdown, brine leaving the separator 
will be piped into the injection well. If the rate of silica deposition in 
the brine is high, a silica-dropout system will be utilized between the 
steam-brine separator and the injection well. Otherwise, silica 
deposition within the injection well might cause it to become plugged. 
The silica deposits will be removed periodically and disposed of in an 
acceptable manner. 
Plant Site Surface Area 
The surface area required for a power plant varies with its 
megawatt output. Figures 8 through 13 depict the dimensions of the 
12.5 and 55 MIV capacity power plants. By using these units in 
tandem a 25 l\1\V or 110 MIV facility can be constructed without 
increasing the land area of the plant site significantly. 
12.5 or 25 MW plant will have structure dimensions of 90 
Generally, a 
feet x 40 feet 
x 54 feet high (per 12.5 MW unit) sited on a surface area of about 7 
acres. A 55 or 110 l\lW plant will have structure dimensions of 350 
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feet x 80 feet x 75 feet high (per 55 MW unit) sited on a surface area 
of about 15 acres. 
ROADS 
Roads must be constructed to accomodate geothermal exploration, 
development, and production activities. Their placement should avoid 
volcanic hazards as much as possible. The extent of road building 
activities at a particular location will be influenced by the existing 
road infrastructure. Figure 14 depicts the design of access, well 
field, and power line roads. Road designs must be submitted to the 
counties for construction permit approval. Approximate road 
dimensions are given below. 
Initial access 
Main access with 
transmission lines 
Well field road 
Width 
20' 
78' 
30' 
ELECTRIC TRANSMISSION LINES 
Height 
76'* 
4-6'** 
Description 
One lane with shoulders. 
Two lanes, shoulders, & 
transmission lines on 
both sides. 
One lane, shoulders, 
dual pipeline corridor 
on one ·side. 
Construction of a new transmission line corridor is required to 
connect the geothermal power plant to the existing power grid. By 
referring to figure 15, which depicts the existing power grid on the 
island of Hawaii, it appears that the need for new power line corridors 
will be minimal. However, existing lines may need to be upgraded. 
Figure 16 shows the clearance needed for 69 kilovolt (68' wide-67' 
high) and 138 kilovolt (78' wide-76' high) power line corridors. Dual 
lines will be used to assure reliability. 
*electric transmission line poles 
**steam piping height 
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NOISE LEVELS AND ABATEMENT 
During the initial phases of field development, persons in the 
immediate vicinty of a geothermal site may be exposed to noise levels 
varying from 40 to 125 decibels, depending upon the distance from the 
well site. High noise levels are produced during well drilling, 
production testing, and bleeding before connection to the generator. 
Drill rig noise varies from 60 to 98 decibels with muffler. Initial 
venting noise varies from 90 to 125 decibels which may be mitigated 
using a stack pipe insulator or cyclone muffler. Periodic operational 
venting noise is about 50 decibels using a pumice filled muffler. While 
most operations can be effectively muffled by acoustical baffling and 
rock mufflers, some emit unavoidable noise. Above noise levels apply 
to the immediate vicinity within 100 feet of the source. 
The County of Hawaii geothermal noise level guidelines state that 
a general noise level of 55 decibels during the daytime and 45 decibels 
at night may not be exceeded at existing residential receptors which 
might be impacted. 
The design standard for the HGP-A Wellhead Generator Project 
specifies that the noise level one-half mile from the well site must be 
no greater than 65 decibels. Construction of a rock muffler at the 
facility has reduced noise levels to about 44 decibels at the fence line 
of the project. A chart is provided in figure 17 which describes the 
noise levels from geothermal operations at "The Geysers" in California. 
Noise will vary with weather conditions and topography. Technology 
exists which should abate noise to acceptable levels. 
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Figure 2. Typical Well Profile. 
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DRILL 
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ENERGY NOZZLES 
CUTTINGS, STEAM, 
H2S, AIR 
EX PANS ION 
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Figure 3. u2s Removal During Well Drilling. 
(Source: Dames & Moore, 1984) 
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Figure 4. Hydrogen Sulfide Abatement During Power Plant Operation. 
1) using primary abatement system (sulfur and sludge 
are byproducts of the Stretford abatement system); 
2) using "turbine bypass" gas still abated through 
primary abatement system; 
3) using contingency caustic (NaOH) abatement system; 
4) unabated flow in emergency situations. 
-13-
Elel!leot 
Arsenic 
.EarL ..1.0. 
Bor or. 
Cc 1t iw::1 
CaC.uiu= 
c.rbonate 
Cbloride 
Ce~h1t 
Coner 
Gclct 
Iro: 
Lead 
Lit hi= 
!'.agaes ium 
Manganese 
Mercury 
Molybdeau10 
Nickel 
Niobium 
pH 
Phosphorous 
Platiaum 
Potassium 
Silica 
Silver 
Sodium 
Strontium 
Sulfate 
Sulfide 
Taatalu10 
Thalli= 
Tin 
Titanium 
Uranium 
Vanadium 
Ziac 
o.o1- o.oo1b 
2 
2 
218 
(!,OC 
75 
7200 
0.014 
<0.004 
<O. 00004 
0.02 
(lC 
0.034 
0.131 
0.034 
(0.001 
0.067 
(0.02 
(0.4 
7.4d 
0.2 
(0.006 
600 
800 
<0.02 
3700 
2.0 
50 
17 
(0.001 
(lC 
<0.2 
0.006 
0 .16 
0.016 
0.012 
a Liquid 1a10ples taken froiD cyclone aeparator (Thomas, l983a). 
·b Rough estimate based on preliminary analysis, 7hocas, 1983b. 
c Thomas, l982b. 'Less than' signs indicate detection licit of ana1y%er. 
d Before atmospheric flashin&, Thomas, l982a. 
Figure 5. Particulate Composition of HGP-A Brine. 
(Source: Dames & Moore, 1984) 
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Figure 6. Geothermal Noncondensable Contents. 
(Source: Dames & Moore, 1984) 
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Figure 7. 
Warm.dry 
effluent 
Cross-flow Mechanical Draft Cooling Tower. 
(Source: Molenkamp, 1979) 
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Operation 
WELL DRILLING 
Mud Dri 11 i ng 
Air Drilling, Including 
blow 11ne 
blow line w/air sampler 
blow line w/air sampler 
& water injection 
Well Cleaning; Open Well 
Well Testing; Open Wells 
Rock Muffler 
Well Bleeding Before Connec-
tion to Generator 
open hole 
rock-filled ditch 
blowouts 
CONSTRUCTION 
Duration 
dBA at 
100' 
60 days/well 69-74 
30 days/we 11 
1C8 
83 
73 
3-6 days 112 
14 days 112 
Variable 
Variable 
(infrequent) 
77 
60 
39 
112 
Operation of Construe. Machin- 1-2 yrs. 64-84 
ery (Trucks, Bu 11 dozers, etc.)· 
PLANT OPERATION 20-30 Years 
Steam Line Vent (Muffled) Intermittent 90 
Jet Gas Ejector Continuous 
unattenuated (old design) 97 
with acoustical insulation 64 
Steam Line Separator Continuous 68 
Steam Line Breaks Brief, Infrequent 94 
Cooling Tower Continuous 60-70 
Turbine-Generator Bldg. Continuous 
Figure 17. Noise Levels of Geothermal Operations at The Geysers. 
(Source: Kahaualea EIS, 1982) 
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INTRODUCTION 
Kent M. Keith, Director 
Department of Planning and Economic Development 
State of Hawaii 
Good morning, ladies and gentlemen, and welcome to this seminar on 
Conflict Resolution for Energy Siting and Land Use. 
The purpose of today's seminar is to examine alternative methods for 
resolvi~g the differences of opinion and possible disputes which all too often 
anse 1n our daily affairs, in our families, communities, businesses and 
government. 
Litigation, one method for resolving disputes, is often 
counterproductive. I am sure we all can think of land use projects where the 
parties involved were very quick to litigate their disputes. Battle lines 
become drawn, positions become hardened, those affected become "opponents" and 
"proponents," negatives are emphasized, 1 arge amounts of money are spent, and 
often months and years of delay are involved. Results are often 
unpredictab 1 e. Rather than working together towards a mutually desired end, 
parties become winners and losers -- often remaining embittered. Afterwards, 
cooperation is difficult -- not only did parties disagree on immediate issues 
but they may find it increasingly difficult to deal with each other in 
resolving future disputes. 
The siting of energy facilities has given rise to several disputes 
in recent years. As we all know, land in Hawaii is a limited resource. 
Groups of citizens are often in disagreement as to how our land should be 
used. All too often they seek to maximize special interests, rather than 
trying to maximize total net benefits to all those affected by the dispute. 
Geothermal development provides a case in point. In 1982, about six 
years after our HGP-A experimental well discovered a viable geothermal 
resource, a geothermal developer applied for a permit to explore and develop 
geothermal power in the Kilauea Upper East Rift area. A dispute arose between 
some members of the local community and the developer regarding the size and 
siting of this energy project. The traditional methods of conflict resolution 
have resulted in numerous administrative and court proceedings at considerable 
cost and with a great deal of time and effort spent by concerned parties. 
Today, four costly years after the dispute started, numerous court appeals are 
still pending, no exploration has started, and those involved in the dispute 
do not seem closer to reso 1 v ing it. In short, a tremendous amount of human 
and financial resources seem to have been expended, and the issue is still 
undecided. Is there a better way to pursue our goals? Is there a way to 
bring people together? It is my impression that those who have been called 
opponents of geotherma 1 deve 1 opment usually favor deve 1 opment if it proceeds 
in a responsible manner. Also, the developers have shown their good faith and 
flexibility by offering alternative development plans. Almost everyone agrees 
that geothermal electricity and direct use applications offer many benefits to 
Hawaii. There is much common ground here, yet progress seems so elusive. 
This is only one example. Unfortunately, there are many more. The 
siting of H-Power, Honolulu's municipal-waste-to-energy project, was a problem 
which took five years and much effort to resolve. The proposed OTEC plant at 
Kahe Point, still faces some community resistance despite many environmental 
studies and informational meetings. And there are other examples. 
Our State government is deeply concerned with alleviating disputes 
over energy siting and land use. This concern has been exemplified by our 
Governor. Governor Ariyoshi has devoted considerable time and effort to 
solving problems before positions have hardened to the point where litigation 
begins. We are honored to have him here with us today, as our opening 
speaker. Would you please join me in welcoming our Governor, the Honorable 
George R. Ariyoshi. 
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HAWAII'S NEED FOR ALTERNATIVES 
The Honorable George R. Ariyoshi 
Governor 
State of Hawaii 
Good morning. I'm pleased to have this opportunity to speak on a 
subject that is very important to me. 
Let me begin by saying that I believe there are some things in our 
conJTiunity that should happen and some that shouldn't. In terms of economic 
development, we're talking about doing things to strengthen our economic 
base. There is a need to plan, to build our economic base, to create jobs. 
But let me also suggest to you that while we must consider these needs, we 
must also be sure that we don't destroy Hawaii. Hawaii is a very fragile 
place; there are limits to what we can do, limits on the kinds of things that 
can be accomplished in this community. Decisions on providing for economic 
development and preserving open space are very important to our future, we 
must be sure that we make those decisions on a well-planned, well-thought-out 
basis. 
Having said that, it is my firm belief that those projects that we 
feel are important to our community, those projects that must be completed, 
must be done expeditiously. They cannot be delayed. Projects that take four 
or five years to happen -- if they need to be done, there is no reason they 
should be taking that much time. We must keep in mind the fact that if we 
take a l at more time than we need to camp 1 ete a project, its cost becomes 
very, very high and the consumer ends up paying for it. It's not the 
landowner, not the person who develops the energy project who bears the costs 
of the delay -- it is the consumer, those who purchase a property, the 
end-users of the 1 and, the end-users of the energy. They are the ones who 
will bear the additional costs resulting from delays. And so, it is essential 
for us, once a decision is made and we have determined that a certain kind of 
project is important, that the project move ahead expeditiously. 
In our community, there are those who honestly feel that some 
projects should not be implemented. I think we need to sit down and resolve 
these differences so we can reach a consensus, some agreement, on what should 
or should not take place in our community. There are some, on the other hand, 
who feel that the way to block everything is to delay. They hope that a long 
delay will result in such prohibitive and exorbitant costs that those who are 
involved in the creation of the project will at some point say, "I give up," 
and pull out. That is not an acceptable approach. 
A project for resort deve 1 opment proposed for the sma 11 Is 1 and of 
Molokai has been delayed for a long time because of the opposition of certain 
colllllunity groups. Very recently, I had a group of Molokai residents come to 
see me. They wanted to have more economic development and more jobs for 
Molokai. They told me that the great majority of the people on Molokai wanted 
more jobs, that many were on welfare. They wanted to work, they wanted to 
bring home paychecks, they wanted to take care of their families, they wanted 
to live with dignity, they wanted the little extras that a job provided that 
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welfare did not. These were men and women who wanted to work. One fellow 
told me that he had been unemployed for three years and this is the first time 
that he has been unemployed for that long. He wanted to work so that he could 
send his daughter back to college. She had been in college, but he had to ask 
her to come home because there were no prospects of his getting a job right 
away. He was making a p 1 ea for something to be done so that the peop 1 e of 
Molokai would have some jobs. 
I 1 ooked at that deve 1 opment project and gave it a great de a 1 of 
thought. I decided that it was most important to bring the opposing parties 
together to see whether they could resolve some of their differences. I asked 
the Lt. Governor to be involved, and he has been meeting with them now for the 
past week and a half, and will be having additional meetings this week. It is 
my hope that he will be successful in his efforts. 
This leads me to today's seminar. It is very important for our 
people to find alternatives other than those which are now being used to 
resolve conflict. We should be able to find a way in which we can decide 
whether a project should be "go'' or ''no go.• If it is "go,• we need to bring 
the parties together and make it possible for these projects to proceed. In 
the area of energy, we must find alternative sources of energy. If we don't 
do this in the long run, and I'm really talking about the long run, we will at 
some point be without the finite energy resources that we now have. Hawaii 
must play a leading role in finding renewable energy resources that will 
provide cheap, efficient energy on a long-term basis. When I say "cheap,• it 
may not be immediately, but it will be at some point in the future and it will 
be a reliable, dependable source that will be with us forever. We have to 
1 ook at all the resources that we have, and we have to find ways in which we 
can make it happen. I feel very strongly about the need for us to proceed 
this way. For us to have projects that are delayed four or five years with no 
end in sight is not acceptable. We need to find some way in which we can make 
it possible for these things to happen. 
So today' s seminar, where all of you are trying to find a way to 
bring about the resolution of some of the conflicts that exist, is a very 
important effort. I commend you for your presence here; I hope that you wi 11 
be able to come up with ideas that will make it possible for us to look at the 
problems and for us to be able to resolve them in a little better way. There 
have been all kinds of suggestions made -- mediation, arbitration, people 
coming together and just having a great deal of dialogue. Whatever they may 
be, it is very important for us to consider them. 
Finally, in the existing process, if a dispute is not settled, it 
ultimately ends up in court. I am totally dissatisfied with the current way 
in which things are resolved in the courts. It is taking too long. There 
are great delays. I think we must find a more expeditious way in which the 
final decision will be made. It is my hope that you will give consideration 
to all ways in which the judicial process can be speeded up, the ways in which 
the judicial decisions can be made expeditiously, so that we can have a 
decision one way or another. I do not be 1 i eve that it is to the benefit of 
any of us that we end up paying much more than we should be for a project that 
should be taking place or should have taken place more quickly. 
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I know that you all have different points of view and different 
ide as about how some of these things can be worked out. I think we need to 
hear all of the ideas, lay them out on the table, review them, and narrow down 
the alternatives to get some positive recommendations. 
Thank you. 
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RESOLVING PUBLIC RESOURCES DISPUTES: THE NATIONAL PICTURE 
David L. O'Connor, Executive Director 
Commonwealth of Massachusetts Mediation Service 
Let me begin my remarks by citing an article well-known to 
mediators, written in 1970 by Lon Fuller, a professor at the University of 
Southern California, on "The Form and Function of Mediation." He opens by 
noting that mediators often proceed to make a point through indirection. With 
stories and observations that appear unrelated to the topic at hand, they seem 
to be able to help the truth find its way out. 
One story I cannot over 1 ook concerns a now famous mediation attempt 
that occurred some years ago when the students in Iran had taken over the 
American Embassy and he 1 d a 1 arge number of Americans hostage. The process 
had gone on for quite a long time and you can remember the tremendous 
frustration and paralysis that plagued our President and the whole nation 
concerning that very troub 1 i ng situation. There were many groups trying to 
help the parties involved begin a dialogue with one another. Among them, most 
credibly, perhaps, was the United Nations. Various overtures were made and 
finally an opportunity developed whereby the Secretary General, Kurt Waldheim, 
was given an invitation to visit Iran and to speak with President Khomeini and 
the students to see what he could do to understand their point of view and try 
to work out a settlement of the dispute. 
Upon his arrival at the airport there were many news reporters and 
media people asking him what he was planning to do, what he would say and so 
forth. Since he did not speak Farsi, his response in English was, "I am here 
to try to mediate a compromise.'' This sounds like a perfectly diplomatic and 
careful thing to say, structured to put no one in a poor position or ill at 
ease. Unfortunately, there are ways in which English terms, such as 
"media tor" and "compromise," when trans 1 a ted into Farsi, take on unintended 
meanings. In fact, the way his remarks were rendered on national television 
was "I've come to meddle in your affairs and cause you to lose your virginity." 
As you can imagine that didn't go over very well, particularly with 
the students and their supporters. When the Secretary General got into his 
limousine and tried to drive across town, his car was stoned and he was unable 
to get out. Eventually, he had to return to the airport and fly out of the 
country. A promising opportunity for mediation was stopped right at the 
outset. It strikes me one lesson in this is that someone from "out-of-town" 
should be careful about the things he says. I wouldn't want you to think I 
have come here to meddle in your affairs or to cause you to lose your 
virginity. 
Let me turn to another story about someone who landed in trouble by 
traveling far and negotiating without much forethought. There was a fellow, 
I'm told, who had spent years as a counterfeiter in Virginia. He had a 
terrific printing press and used to print five dollar bills by the batch. He 
lived very well, but as he grew older, his technique and some of his attention 
to detail 1 apsed and all of a sudden he discovered one day that he had 
produced a huge bag full of fifteen dollar bills. Well, he knew he wasn't 
going to be able to use those bills so he took the bag and dumped it in the 
corner and got things back on line. He rigged up the machinery, put in new 
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ink, and off he went printing five dollar bills again, and all went fine. But 
eventually, he grew older and tired and stopped printing bills. 
One day he was about to leave on a fishing trip to the far reaches 
of Maine, and found himself behind schedule and without enough money. He 
thought, "What am I going to do here? The charge card is packed to the limit; 
I don't have any five dollar bills. I'm out of ink and the printing press 
isn't really working." Then he had a bright idea. "I'll take those fifteen 
dollar bills. I ought to be able to pass those off in Maine." So, off he 
went and was travelling through Maine and sure enough his car broke down. 
There was a prob 1 em with the engine that he couldn't figure out and so he 
finally gave up and decided to start walking in hopes he could get help and 
something to eat. 
He walked and walked and finally came upon a little store off to the 
side of the road. It was really a makeshift, ramshackle place but it did have 
gas pumps so it gave him some hope that there might be he 1 p there for his 
car. He went in and spoke to a fell ow behind the counter who had sort of a 
sleepy look about him. The counterfeiter said "I have a prob 1 em with my car 
and I wonder if you could help me. I'm in need of something to eat and I 
could use some help with the motor and I'm also a little short on money. I 
just have a fifteen dollar bill here. Could you possibly give me some 
change?" Well, the old storekeeper sort of shuffled around for a minute and 
he looked in the cash register and thought about it. Finally, he looked up 
and said, "Well, I think we might be able to do something for you here. How 
would you like that change? Five threes or a seven and an eight?" 
That story reminds us that it is easy to underestimate the people 
that you're dealing with in negotiations, to underestimate their tenacity, 
their insight, their cleverness and perhaps even the legitimacy of their point 
of view. It a 1 so strikes me that this story offers a warning to those of us 
who wonder about the best way to negotiate. We wonder whether our approach to 
negotiation ought to be to get the most we possibly can regardless of the 
effect this has on the other side, or to pay attention to the quality of the 
process and respect the integrity of those with whom we negotiate. The story 
reminds me of the old adage: "what goes around, comes around"; that the way 
we negotiate encourages other people to think about the way they negotiate. 
Eventually, our own approach may come back around and be visited upon us. So, 
paying attention to how we negotiate, how we resolve conflicts, is an 
important thing to do. In the end, it benefits everyone. 
Those who have written about dispute resolution have shown how 
infrequently litigation and arbitration are actually used to resolve 
disputes. They find the vast majority of disputes are resolved primarily by 
the people involved in those cases, through some form of negotiation with one 
another. I assume that all of you in your work negotiate often and know a 
great deal about negotiation. However, most of you, like me, probably grew up 
developing your negotiation skills by trial and error and by inheriting 
certain ideas and assumptions and myths from your parents, teachers and 
mentors about how to negotiate. 
Yet, in the 1 ast five to ten years in the United States there has 
been an explosion in research, thinking and new ide as about negotiation and 
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dispute resolution. In a sense, many of the assumptions that we've all 
inherited for decades are being questioned and rethought and a new 
understanding of them is under development. 
One of the first questions about negotiation considered by these 
researchers is, when should one negotiate? The response to this question is 
largely determi necrDy whether there is any better alternative. Those of you 
who are familiar with the well-known book, "Getting to Yes," by Roger Fisher 
and William Ury may recall those authors suggest that this question reveals 
the true source of all negotiating power. What your alternative is -- the 
degree of ease with which you can walk away from a negotiation and do better 
in another forum or do equally as well at any given point in time -- that, 
more than anything else, determines what your power is in the negotiation. 
Because, presumably, if the other side is there and wants an agreement, and 
you can walk away from it more easily than they can, they are going to need to 
try to find some way to keep you there. So they emphasize that understanding 
what your alternatives to negotiation are, as well as theirs, that's the most 
important calculation to make in deciding whether to negotiate or not. The 
authors suggest, quite wisely, that the most useful technique is to make your 
alternatives to negotiation ''operational'' and to avoid fantasizing about 
them. Rather than musing on how nice it might be to take a case to court, or 
to find another job, we can most help ourselves if we truly investigate those 
options, find out what kind of resources would be required, who would need to 
be involved and whether we could actually implement that alternative. This is 
the kind of analysis we so often fail to do either before or during a 
negotiation. Yet, making my alternatives clear is going to be the thing which 
best indicates in any given instance whether I should proceed with negotiation 
and if, at any point in time, the offers and ideas that I am getting are 
really ones I should accept. 
There are a number of elements that people have suggested are 
critical to making a negotiation successful. Here I want to draw on my own 
experience. The first element is what is sometimes called the dependence of 
parties on one another. In labor relations, union and management really 
cannot make a 1 iving without coming to some accord with each other. That 
tends to have an enormous impact on the negotiations that they carry out. 
There is such a fundamental dependence on each other that those parties know 
that it is very likely they will eventually reach an agreement. The 
dependency is so great that they can tolerate a process of staking out very 
extreme positions and then progressing through the agonizing process of 
marching down the spectrum toward the middle. It is a costly, tiresome, and 
stressful process, but it i 11 ustrates the heavy dependency they have on one 
another. 
As you well know, this is not the sort of thing that is present in 
energy and environmental conflicts. There, the relationship between the 
parties is extremely tenuous. In fact, in many instances, they have never 
negotiated with each other before. They fully expect they will never 
negotiate with each other again. In fact, they see many reasons to avoid 
negotiating with each other here and now. The 1 ack of interdependence among 
the parties tends to make any negotiated process among them very, very fragile 
-- that is, difficult to initiate, delicate to maintain and difficult to 
conclude. 
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Where there might be negotiations on an energy or 1 and use conflict 
the question to ask is: "Are these parties really dependent on one another; 
must they somehow reconcile their differences with each other?" One common 
way that dependency is created is through some form of administrative or legal 
proceeding in which they are caught and cannot extricate themselves for 
po 1 it i cal, leg a 1 or other reasons. There are other ways in which parties may 
become dependent on each other, but it's very important to look at how likely 
they are to remain there. 
Secondly, there needs to be a certain urgency about the conflict. I 
have had occasion to serve as a mediator and found that the parties had a 
problem that they wanted to discuss but there was no urgency to arrive at a 
solution. In this case parties may mistakenly and prematurally engage in 
negotiations. That can lead to a very unfortunate set of mi sunders tandi ngs 
about what was agreed to and not agreed to and about how to modify agreements 
as circumstances change. Urgency concentrates energy and attention and gets 
people to put their resources to work to dispose of the problem. It causes 
them to make the kind of effort to understand each other that is so difficult 
and isn't something that people are readily prone to do. 
Let me turn from negotiation to mediation. What mediators do is 
help parties negotiate with each other. It is possible to have negotiations 
without a mediator, but it is impossible to have mediation without 
negotiators. A mediator is available to assist parties in their negotiations 
but does not have authority to make decisions or bind them in any way. An 
arbitrator has that kind of power, but not a mediator. He is really there to 
help the parties do a better job at their negotiating. 
What does a mediator do? One of the important things a mediator 
does is to he 1 p peop 1 e understand that the other party's prob 1 em is their 
own. It's very easy to assume that their problem is something they have to 
solve; that they ought to come to the table with a solution to "their problem" 
while it is "my problem" that is the real issue. A mediator will suggest that 
devoting time and energy to solving "their" problem is the way you're going to 
be really successful in negotiation. 
Mediators help parties decide on the kind of offers and proposals 
they will make. One of the most difficult things in negotiation is to know 
whether you are being firm enough or c 1 ear enough or concrete enough in any 
given offer, and at the same time, not to be so firm or so clear or so 
concrete that it causes the other side to walk away from the table and assume 
there is no alternative or compromise possible. A mediator can be a barometer 
in that situation. You can try out ideas, describe the sort of proposals that 
you might put forward and get signals on the extent to which they would be 
acceptable and useful to the other side, yet not overly generous. 
You might think a mediator doesn't worry about parties being overly 
generous, but that is not true. A mediator really has an investment in seeinq 
that any agreements reached work well over time. If people are overly 
generous, 1 ater on they are going to be resentfu 1 and will try to rewrite or 
undo the agreement they made. For this reason, a media tor wants the parties 
strike the right balance. This can be done by providing them with enough 
clues and signals about what is happening on the other side, so that tfle 
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proposals they offer are right on target. Finally, a mediator can help 
parties decide to end negotiations -- whether what they're being asked to do 
is really worth their while -- whether at the eleventh hour, when the last 
best offer is on the table and they know that it has reached the point of take 
it or leave it, they can help a party think through what their alternatives 
really are. In a sense, a mediator can help parties avoid fantasizing either 
about the offer they've been given or about what their alternatives are. 
The United States has actually seen a significant amount of 
experimentation and successful mediation of energy and environmental conflicts 
over the last ten years. I want to highlight just a few of them for you 
because they provide a certain concreteness to some of the things I've been 
saying. Also, each of them in its own way illustrates some of the problems 
and difficulties of doing this kind of thing. It is never a simple and easy 
thing to negotiate a settlement of these kinds of disputes and never easy to 
involve a mediator in them either. 
First of all I'd 1 ike to just mention one dispute that has to do 
with the so-called Storm King Power Plant located on the Hudson River in New 
York. This was a situation in which for seventeen years environmental groups 
had battled with Consolidated Edison and other utilities over the question of 
the construction and operation of nuclear power plants along the Hudson 
River. A number of plants were in operation and many of the disputes at that 
time revolved around the extent to which cooling towers would have to be 
installed for these facilities. In addition, Consolidated Edison was watching 
their energy demands grow. Feeling a need to plan for the future to increase 
their capacity, they proposed to construct a pump-storage plant at Storm King 
Mountain. This would be an enormous facility costing hundreds of millions of 
dollars and the proceedings on the siting of that faci 1 ity had dragged on 
interminably. Henry Luce, Chairman of the Board of Consolidated Edison, began 
to feel increasingly that there had to be some better way, one which would 
avoid increases in the cost of money and the cost of the project year in and 
year out. He wanted to talk with the opposition to see if they could find 
some way to accommodate each other. 
He contacted Russ Train, then President of the World Wildlife Fund, 
former Administrator of the U.S. Environmental Protection Agency, and prior to 
that a Federal Judge in New York State and an eminently respected 
environmentalist. He called and said "Russ, can you give me any advice, any 
suggestions as to how I might be able to sit down and talk with these 
people?" Train offered a few comments and suggestions and Luce then got 
around to his real point which was, "Would you organize a meeting, would you 
chair a session, get us together with these environmental groups?" It was a 
formidable undertaking to bring these groups together. There were three 
different statewide environmental organizations, four other electric utility 
companies who had a stake in the power plants in question, four public 
agencies at the State and Federal level, all involved in the proceedings in 
one way or another. So, we are talking about organizing a meeting that would 
have involve sixteen or seventeen parties. In any case, Train did that and a 
series of negotiations was commenced. 
The environmental groups were very wary and y~t Train's credibility 
with those groups was such that when he suggested 1t might be in their 
-10-
interest to sit down and talk and that it would be a truly fair and open 
process, they knew they were not going to be caught off guard. They agreed to 
come to the table to begin discussions with Consolidated Edison. That led to 
a process in negotiation that went on for a couple of years, but ultimately 
encompassed a settlement of really extraordinary scope and depth in which the 
Storm King Power Plant was cancelled, the environmental organizations agreed 
to drop their opposition to the construction of cooling towers along the 
Hudson River, and Consolidated Edison and the other electric utility companies 
agreed to create a fund that would conduct research on the impact of cooling 
to'.-~ers and other electric utility operations on the Hudson River fishery. The 
impact on the fishery resource in that river and many other detailed technical 
agreements about the way the cooling towers would be operated, the screens 
that would be used, the times of day that they would be operated and the 
vo 1 ume of water that wou 1 d be needed in the river before they could operate in 
order to protect the resource would also be studied. 
It was a remarkable and an extremely successful settlement in the 
estimation of all of the participants in that process. It received nationwide 
publicity, though it wasn't the first time that environmental mediation had 
been used. 
In 1973, in the State of Washington, then Governor Dan Evans had 
been frustrated by a longstanding battle between environmental organizations 
and electric utility companies over the proposed construction of a very large 
flood-control dam on the Snoqualmie River. Finally, in frustration, Evans 
called in two persons, Gerald Cormick and Jane McCarthy, and asked them if 
they would go on his behalf to each of the parties and suggest that they sit 
down and negotiate with one another. Environmental interests in that case 
actually had formed something of a coalition with the farmers in the valley 
below this proposed dam who felt very skeptical about its safety and their 
ability to withstand any potential break in the dam. Environmentalists were 
concerned about the enormous amount of acreage that would be flooded upstream 
by the dam. 
After a long and very arduous process of negotiation, and with 
encouragement and continued pressure by the Governor, those parties were able 
to reach an agreement on the flood-control dam that allowed it to be 
constructed, that established a very elaborate early-warning system fa•· 
unexpectedly high flows in the river that might put stress on the dam and 
other forms of protection for the farmers in the valley below. Inspired b_y 
this success, Cormick and McCarthy went on to mediate other cases in other 
states and Washington as well. 
In 1976, I had the privilege of being involved as a mediator in a 
dispute over the proposed conversion of a very large electric generating 
station from oil to coal in Massachusetts. This facility, known as the 
Brayton Point Station, had been burning oil for about ten years. With the 
Arab oil embargo and the escalation in oil prices, the U.S. Department of 
Energy and the state's Office of Energy Resources were very anxious to see 
what they could do to cut dramatically the amount of oil consumed in New 
England. This thousand megawatt power plant had the potential to make a 
dramatic dent in the region's oil consumption. The issue was joined by the 
passage of the Energy Supply and Environmental Coordination Act by the U.S. 
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Congress in 1974, which gave the Department of Energy authority to order power 
plants to convert from oil to coal, but not without approval from the 
Environmental Protection Agency and the Governor of the State to provide 
assurance that environmental standards would be met. 
When I first encountered it, the dispute was over whether or not the 
utility could be required to use a very expensive form of pollution control 
equipment known as scrubbers. These are e 1 aborate systems used to remove 
sulfur from emissions. In this instance, it would have cost the utility 
something in the order of $180 million to build scrubbers for a power plant 
which, when it had been constructed, cost only $90 million. The company 
absolutely refused to pay twice the capital cost of the facility for a new and 
untested pollution control system. "No way on earth will we do that. We will 
spend as many years in court as we have to in order to avoid that outcome." 
At the time, I was doing research in Boston on some of the prob 1 ems 
faced by utilities trying to convert to coal and it occurred to me that this 
was a situation where the various parties might avoid being stuck in 
litigation for a long period of time by talking to one another. I invited 
them to come to our offices to meet and talk with one another. They shared a 
common agreement that reduction of oil consumption would be in all their 
interests and that, if there was any way it could be done without harming the 
environment, they would all like to see it happen. Together they found that a 
closer look at the research suggested that sulfur emissions, by themselves, 
were not necessarily the thing which ought to most concern environmental 
agencies. Rather, it was the fact that su 1 fur adheres to the part icu 1 ate 
matter that drifts through the air and then is inhaled by people that was 
thought to be the most likely cause of emphysema and air-related health 
problems. This insight made it possible to consider a different pollution 
control strategy and to concentrate on a form of technology which was more 
familiar and much less costly, a system known as electrostatic precipitators. 
These are machines that give an electric charge to the particles as they come 
through the smoke stack; they adhere to a plate of the opposite charge; a 
hammer raps them and they fall down into a bucket. It's a very simple and 
very basic form of technology and was one which, upon closer look, seemed like 
it had a very real promise for this power plant. 
It also became clear that the only way that the price of coal could 
be stablized was for the company to invest in a permanent coal supply from a 
particular mine and that, in turn, meant that the environmental standards to 
which they would have to conform couldn't be changed on an annual or even on a 
five-year basis. The company really needed some long-term commitment from the 
State that those standards wouldn't change. That ultimately led to an 
agreement to go the Legislature to seek a special waiver to allow the emission 
limits applied to this facility to remain unchanged for ten years. This 
provided the final breakthrough necessary for the parties to reach agreement 
in this case. 
In 1978, they signed an agreement to all ow for the conversion from 
oil to coal. The outcome was extremely satisfying. Savings of two hundred 
million barrels of oil a year, savings in energy costs to consumers, over 
time, of billions of dollars, and a reduction in air pollution from the 
facilities so that burning coal that was actually going to be cleaner than 
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burning oil. This was the first case that I had ever worked on as a mediator 
and I learned a great deal about how complex and difficult a process it is. 
I want 'to turn now to a case which may have some similarities to 
those you're familiar with here in Hawaii. It involves a very long standing 
dispute between fishing interests and oil companies over oil drilling 
activities off the coast of California. The dispute concerns the impact of 
the tailings from the oil drilling and the way in which they disperse or cause 
potential harm to the fishery resource. This situation had gotten to a point 
where fishing ships were attacking drilling rigs and seismic testing vessels 
because of the fishermen's fury over the incursion on their fishing grounds. 
It was leading to hostility and misunderstanding and paralysis to some degree 
in the activities of both. 
With the involvement of a mediator, the fishing industry and the oil 
companies together with a number of companies that were involved in seismic 
research of various kinds, began to negotiate with each other on ways in which 
they might avoid conflicts. Over time, their negotiations allowed them to do 
a number of things, one of which was to set up a communications office on the 
mainland which monitored the movement of fishing vessels and oil company 
vessels to make sure that they never entered the same lanes or traffic 
patterns, keeping them from one another, getting involved in helping them to 
schedule in advance their trips in such ways that they wouldn't encounter each 
other. They could not always take the most convenient or quickest route, but 
they began to be able to develop their programs in conjunction with each other 
and in a sense avoid one another. 
Also, they developed a scientific program of research on the impact 
of oil testing and oil drilling activities on the fishery resource in order to 
provide information to use in the future to manage these activities to sustain 
the resource. Those negotiations actually are continuing even now and are of 
such a magnitude that there isn't any single agreement which is going to bring 
to an end the need for discussion among those two groups. But I think it is 
again illustrative of the ways in which those interests which seem absolutely 
pitted against one another can, with energy and effort, sit down to talk with 
one another and find ways to work out their differences. 
I would 1 ike now to take note of all that has been happening with 
environmental dispute resolution in the United States in the last ten years. 
There has been a great deal of activity. Recently Gail Bingham at the 
Conservation Foundation has collected information on this activity and has 
published a book on it. She notes that in 1977, there were nine major 
environmental conflicts settled through mediation; in 1979, there were 
eighteen; and in the years following that, more and more disputes have been 
mediated. By 1984, Ms. Bingham found that 160 disputes throughout the United 
States in various environmental areas had been mediated. 
She points out that these occurred in a wide variety of areas with 
some involving more than one area, Among the 160, 86 were in the area of land 
use conflicts; 33 were in the area of natural resource protect ion, such as 
fisheries management, mining and timber production; 17 were in the area of 
water resources management, water quality and water supply protection; 14 were 
in the area of energy development and energy supply; 13 of them dealt with air 
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quality impacts; 16 dealt with toxics. She also came up with some fairly 
interesting information about who was involved in these cases. 
Only 33 percent of the cases involved environmental advocates as 
negotiators. Interestingly enough, business and industry groups were involved 
as negotiators in only 33 percent of the cases also. The occasions when both 
environmental groups and private industry negotiated with each other was only 
18 percent of the total. 
This undermines the stereotype that conflict and negotiation are 
almost always going to be between a private environmental group and a private 
developer. In fact, the truth seems to be that usually the group almost 
always at the table is government in some form or other. In fact, in about 85 
percent of these cases, federal, state or local agencies were involved. So, 
frequently, there must have been negotiations between environmental groups and 
government on the one hand or industry groups and government on the other. 
Only rarely did you get the two private perspectives simultaneously at the 
table. 
Ms. Bingham notes, with satisfaction, that of the cases where the 
parties wanted to reach agreement, 78 percent were successful while 22 percent 
were not. If better than three-quarters of the time these negotiations using 
mediators were successful, it is encouraging news. It also suggests that 
these were probably well-selected situations; that is, the mediation and the 
negotiation that went on were probably appropriate techniques for the 
particular disputes at hand. 
What are the factors that are essential to agreement? Ms. Bingham 
suggests that there are three or four basic factors to keep in mind. First of 
all, as I was saying earlier, the parties have to have a real incentive to 
settle. They have to have no obviously better alternative to negotiation. 
Secondly, she observes that these negotiations were characterized by 
discussions of what the parties' real interests were, by attempts to help each 
other understand their mutual problems and points of view. She suggests this 
approach has a much greater likelihood of resulting in success than situations 
in which the negotiations are characterized by extreme and very rigid opening 
demands. 
Another interesting point Ms. Bingham makes is that in instances 
where those at the negotiating table had the authority to implement the 
agreement, and to make it work, agreement was reached in 85 percent of the 
cases; not only was the likelihood of implementation increased, but the rate 
of success was increased as well. This suggests that perhaps there may be 
some difficulty in reaching agreement if the people at the table do not have 
the authority to make commitments that they themselves can deliver on. 
Finally, she suggests that it seems like intervention by a mediator 
was avoided in negotations where it wasn't promising and increased the 
likelihood of negotiation in instances where it was. Ms. Bingham puts 
considerable emphasis on the fact that mediators discussed with both parties 
very early in the case whether negotiation would be in their interest. 
Media tors seem to affect the way parties come to the tab 1 e and the way they 
frame their opening positions and how they deal with each other thereafter. 
That, I can assure you, was reassuring news for me! 
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Her findings are especially instructive about the role of government 
in these conflict res a l uti on cases. It seems to me that when you're dealing 
with major conflicts over energy and land use, agencies are mandated to be 
involved in these cases to make sure that the decision-making that goes on 
will meet certain minimal standards established by legislatures at the 
national and state level. In the vast majority of cases, government is going 
to be a party to the dispute in some form or other. 
At the Massachusetts Mediation Service, we have tried to respond to 
that by gearing our efforts primarily toward government agencies. We have 
tried to make ourselves avail able to them as a resource, to give them advice 
and ideas about how to manage conflict. We have said to them that in 
instances where mediators might be useful, we can provide a list of 
mediators. But there is a vast array of disputing going on and we recognize 
that only in a few very visible and very important instances is mediation 
going to be the right answer. So we have geared our attention and efforts 
very much toward public agencies, particularly at the state level, in order to 
do what we can to increase the frequency and improve the quality of their 
negotiations. Our hope is that they will be better negotiators, better 
strategic thinkers about the negotiations they are in, and better at deciding 
whether or not to negotiate. This we believe is going to have an impact in 
the long run on how well public disputes are resolved. 
My last point concerns the kind of resources that you have at your 
disposal here in Hawaii. It seems to me, that with the Department of Planning 
and Economic Development co-sponsoring a conference such as this and beginning 
to think about the ways in which negotiation and dispute resolution may be 
useful, you are developing an awareness here that can be very valuable to 
you. Beyond that there are other programs including the program in the 
Judiciary that Peter Adler is involved with, and the Program on Conflict 
Resolution at the University. These people have a repertoire of skills, 
ideas, and strategies which may well reveal opportunities for you in some of 
the disputes that you're involved in that you hadn't realized were available 
to you. I suggest to you that right here in your own State, there are 
opportunities to take advantage of these resources and to have local expertise 
work with you in some of these cases to develop more effective, more skillful, 
even more enjoyable experiences in negotiation than perhaps you have had to 
date. 
So often in negotiations, people worry about losing control; they 
worry about bringing in a mediator because they fear that the mediator is 
going to take charge. As you work with people here in Hawaii, I think you 
will find they are not interested in control, that the responsibility that you 
have and the opportunity for success you have, they want to 1 eave in your 
hands. They are here to help you be better at what you are already doing and 
to achieve goals that you have in mind. 
With that, I want to thank you very much for the opportunity to have 
been here and to say that I am very much 1 oak ing forward to the remarks of 
those who will follow me this morning. I think it will provide more insight 
into the many opportunities here in Hawaii. 
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PATTERNS OF RESOURCE DISPUTES IN HAWAII 
Tom Di nell, Director 
Program on Conflict Resolution 
University of Hawaii at Manoa 
Disputes over the use of resources basically arise 
because what you are doing with the resource you own or control 
or what you propose to do impacts me or will impact me in a way 
that I believe is detrimental. The impact can be very direct. 
You propose to locate a residential care facility in the house 
next to me, and I believe that your doing so will provide me 
with undesirable neighbors and lower the value of my property. 
Or the impact can be somewhat more distant. You propose to 
locate H-Power, a garbage-to-energy facility, in my community, 
and I believe that the resulting stream of garbage trucks and 
the probable air pollution are going to make my community a less 
desirable place in which to live. Or the impact can be quite 
distant, at least geographically. You may be constructing a 
pipeline across Alaska, and I, even though a Hawaii resident, 
think it important that the reindeer can continue to make 
their winter migration. 
Disputes over the use of resources may focus on the use 
of land, as in the examples above, or they may involve other 
resources such as geothermal energy or whales or the atmosphere 
or minerals in the ocean. Disputes over resources may be site 
specific, as in the examples I cited, or they may be about 
public policies governing the use of resources, such as 
environmental protection, or about administrative rules and 
regulations, such as the drawing of water from an acquifer or 
This paper is based in large part on the research 
conducted by students working under the supervision of the 
author in a Department of Urban and Regional Planning practicum 
in spring 1985. The research is reported on in: Dan Guerrero, 
Linda Kwi tko, Pravi t Leuchaikarm, Lelei Pea.u, Gazola Pirzada, 
Kristi Rowe, Falatehan Siregar and Audrey Yoshii with Tom 
Dinell, faculty participant, Land Use Dispute Resolution in 
Hawaii: Expanding the Options. Honolulu, Jlawaii: Planning 
Practicum, Department of Urban and Regional Planning, University 
of Hawaii, July 1985, 142 pp. Page citations in this paper are 
to the above document. Some findings have been cited verbatim. 
Others have been paraphrased. The page citations in this paper 
are references to the basic document, Land Use Dispute 
Resolution in Hawaii: Expanding the Options. 
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stream. 
the use 
Today I 
of land 
concerning the use 
am going to focus on resource disputes about 
which are site specific, that is, disputes 
of specific parcels for particular purposes. 
The practice of private ownership of land complicates 
but is not the source of land use disputes. Hunting and 
gathering tribes, which had no familiarity with the concept of 
private ownership, disputed over the use of lands. These 
disputes arise because land is limited, but the demand for it is 
not. 
When disputes arise over the use of land, they may be 
settled in one of several arenas, depending on the nature of the 
dispute. ''Legislative bodies establish general land use 
management policies including land use plans, mechanisms for 
resolving conflicts, assignment of responsibilities to specific 
agencies and general rules concerning property rights. They may 
enter into site specific land use disputes when the government 
is developer, an appropriation is required, public land is 
involved, or the zoning of a particular parcel is the matter at 
contention.'' (p. 9) 
Administrative agencies are also involved in site 
specific land use disputes, sometimes in determining by rules 
and regulations how disputes shall be settled but also in 
applying rules and regulations and the underlying statutory 
policies on a case-by-case basis. (pp. 9-10) Administrative 
agencies also get involved in such disputes because they are the 
owners or managers or developers of land. 
''Some site specific land use disputes end up in court, 
where there is a tendency to narrow the focus of the dispute to 
those issues which can be resolved based on written law and 
legal precedent.'' (p. 11) Occasionally a site specific land 
use dispute becomes the subject of an initiative or referendum 
as in the Nukoli'i case. (pp. 95-99) There are also 
traditional means for settling a dispute, such as ho 1 oponopono, 
but they are seldom employed today to resolve site specific land 
use disputes. (pp. 42-46 and 102) 
Finally, in recent years, there has been an increasing 
emphasis on the potential usefulness of mediation and 
negotiation as ways of settling site specific land use 
disputes. (pp. 13-20) These newer approaches are not likely to 
replace the legislative, administrative and adjudicatory 
processes, but rather they expand the options. 
There are also a large number of site specific land use 
disputes which never become formalized conflicts. They may 
simply simmer, such as an ongoing battle between neighbors. 
Some disputants may give up and either accept an existing 
situation or move to a new location or change their ways of 
living so that the offending use is not such a source of 
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aggravation to them. 
simply are managed. 
neither successfully 
break out in violence. 
Such disputes are not resolved; they 
And finally, some disputes, which are 
resolved nor successfully managed, may 
My concern today is with expanding the options for 
resolving site specific land use disputes. I believe there are 
some opportunities for doing so at this time. The climate is 
right. But at the same time, we need to know more about the 
nature of the site specific land disputes which confront us. 
Fortunately, a Department of Urban and Regional Planning 
student practicum undertook a study in the spring of 1985, 
designed in part to assess the characteristics of site specific 
land disputes and the potential for introducing new options for 
resolving such disputes. The client for the study was the 
Program on Alternative Dispute Resolution, established by the 
Hawaii State Judiciary ''to explore, test and institutionalize 
the use of mediation and arbitration as methods of settling 
disputes outside the courts.'' 
The study focused on site specific land use disputes in 
the judicial and administrative arenas. More specifically, 
administrative agencies included in the study were limited to 
the Department of Land and Natural Resources, the Department of 
Land Utilization, the Land Use Commission and the Department of 
l!ealth. Only cases active during the period 1980 through 1984 
were considered. Clearly, it would have been helpful to have 
included the legislative arena and informal channels and a 
longer period of time, but the limitation of resources precluded 
doing so. Of an initial sort of 120 cases, 91 cases were 
identified for analysis. About a third of these cases were 
still ongoing at the time the report was published in summer 
1985. (pp. 22-29) 
Trying to analyze 90 odd cases and identify similarities 
and differences was sometimes rather trying. Our cohort 
included disputes as to whether a pig could be a pet or not, on 
the one hand, and whether or not there would be a resort at 
Nukoli'i, on the other. 
Let me report some of our more general findings first, 
and then talk about the patterns, or distinguishing 
characteristics, of specific disputes which we identified that 
made them more amenable or less amenable to resolution through 
relatively nonadversarial means. 
Actually, very few site specific land use disputes go to 
court. ''If the measure of effectiveness is cases which do not 
go to court, then administrative agencies are effective in 
dealing with land use disputes.'' (p. 101) Site specific land 
use disputes constitute only a very small portion of the total 
court calendar. While such cases take a long time to resolve, 
since they are not considered a priority class of cases by the 
court, tl1ey are not a source of overload for the judiciary. 
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When a site specific land dispute is 
generally more emphasis on its 
substantive aspects. (p. 101) 
heard in court, there is 
procedural rather than 
Only one of the administrative agencies that we included 
in the study, namely the Department of Land Utilization, 
encourages mediation or direct negotiation among disputants, and 
this is done on a rather informal, ad hoc basis. (p. 101) 
Traditional dispute resolution practices, such as the Samoan 
"Fono" and Hawaiian "Ho'oponopono," play a very, very small role 
in the resolution of site specific land use disputes. (p. 102) 
There is a potential for utilizing aspects of ho'oponopono in 
settling such disputes, as evidenced by the King's Landing Case 
involving the Department of Hawaiian Home Lands. (pp. 93-95) 
In some site specific land use disputes government plays 
a dual role. (See pp. 82-87.) It is both the developer and the 
decision-maker or adjudicator, though these roles may be played 
by different agencies or even levels of government. As 
developer, the government plans, constructs and finances these 
projects, securing any necessary permits along the way. As 
decision-maker, the government determines that a particular 
project is consistent with existing plans, is in the public 
interest and receives the necessary approvals and permits. 
Examples of site specific land use disputes in which the 
government has played the dual role of developer and decision-
maker include H-3, BarberS Point Deep Draft Harbor, H-Power, 
Hale Nohalu, Makua Beach, Sand Island and Kawainui Marsh. In 
the Kawainui Marsh case, the government, even though the major 
owner, was not seeking to develop the land in conventional 
terms. Rather, it was a proponent for resource management and 
an adjudicator with respect to appropriate land uses. In this 
instance, unlike the other cases, the government used its 
primacy to bring the stakeholders together to engage in joi~t 
problem-solving and development of an agreed-to management pla~. 
Disputes that involve government as developer may occur 
frequently, as the cases cited illustrate. Government, that i!;, 
the legislative and executive branches, must make decisiorts 
about its own development interests and the public interest .• 
These are not necessarily the same. Even when they are, othE!r 
factors may intervene. These disputes can easily become cloudeei, 
continuing for many years. When government as developer 
engenders disputes which government as decision-maker cannc)t 
resolve, the disputes may end up in court, as has occurred wit:h 
H-3. 
It was our conclusion that disputes involving government 
as developer appear to be amenable to resolution through 
negotiation and/or mediation. All that is required is for 
government to commit itself to resolving such disputes using 
less ·adversarial approaches. "Government as decision-maker can 
decide that government as developer will work out potential 
conflicts with host neighborhoods or communities prior to tl1e 
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initiation of the project. Given the long legislative and 
judicial battles that occur when government is developer, there 
appear to be real incentives for government to enter into 
negotiation and/or mediation in an attempt to resolve such 
disputes early on.'' (p. 89) 
We identified something we called the funnel pattern. 
(See pp. 65-69.) The further a dispute moves through the 
resolution process, the narrower the range of issues that are 
addressed. Substantive issues tend to be narrowed down to 
procedural questions. ''In the Nukoli'i case, issues of crime, 
employment, racial tension, social justice, housing and the 
future of Kauai were discussed at various times.'' (p. 65) As 
the case moved into the courts, decisions focused on procedural 
matters, such as the moment in the permit approval process when 
rights become vested or the validity of the vote in the 1984 
referendum. The West Beach controversy was taken to court on 
the basis that the Land Use Commission had illegally restricted 
Life of the Land from participating in the hearing process. The 
Queen's Beach case is being decided on the question of whether 
an area can legally be down-zoned, not whether resort 
development is desirable in that area. Similarly, fundamental 
issues concerning the desirability or undesirability of H-3 are 
not the basis for the decisions being enunciated in this case. 
We uncovered another set of characteristics which we 
labeled the skip-over pattern. (See pp. 75-77.) In this 
pattern, complex issues involving social and psychological 
values are not addressed, leading to intense polarization and 
entrenchment of parties in their positions. These disputes 
often last many years. Even when a dispute is believed to have 
been resolved, if all the critical factors have not been 
considered, there is a tendency for a dispute to reappear in 
another guise. In the Sand Island and Makua Beach cases, the 
state acted to remove small settlements in order to create parks 
open to the general public. In doing so, the question of 
Hawaiian rights was skipped over. The immediate disputes were 
resolved, but the basic issues remained. They simply were not 
addressed. Some residents of the Waianae Coast have raised 
questions about the potential impact of the West Beach 
development on agricultural land, the shoreline, existing 
lifestyles, and the cost of housing in the Waianae area in 
presenting their case to the Land Use Commission. The extent to 
which the Commission can or will take such broader issues of 
development into consideration in making its decision is not 
clear. The tendency is to skip over value-laden and complex 
issues rather than address the underlying social and 
psychological factors. Consequently, these disputes may reappear 
in other arenas and are often prolonged for extended periods. 
Our conclusion was that disputes which fall within the 
funnel and skip-over patterns might be resolved through 
negotiation and/or mediation if they were channeled into such a 
process during the early stages of the dispute. (p. 88) Both 
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mediation and negotiation provide an opportunity to raise a 
variety of complex issues, discuss them, and perhaps deal with 
them. This may also occur in the legislative arena. Similarly, 
initiative and referendum permit such issues to be raised and 
discussed, as the Nukoli'i and Redevco Shopping Center in Hila 
cases illustrate, though the nature of the voting process, 
namely, up or down, tends to polarize the parties and prevent 
joint problem-solving. 
We also identified a pattern that we labeled the 
organized community pattern, which in one sense, is a truism; 
that is, the better organized or prepared a community is, the 
more capable it is of either fighting or negotiating. (See pp. 
58-65.) Illustrations of the organized community pattern 
include Palolo Valley residents opposing the power line to be 
installed in their valley by Hawaiian Electric, the opposition 
of neighbors to the use of the Walker estate in Nuuanu far 
commercial activities and the resistence to removal of tne 
Waikiki Natatorium. The well-organized community or interest 
group is clearly in a position to achieve its goals in either an 
adversarial or nonadversarial manner. In fact, the developer 
who desires to enter into negotiation or mediation with a 
community will find it easier to do so with a well-organized 
community or interest group that can deliver its constituency 
rather than with a poorly organized one that cannot. (p. 87) 
We found that disputes which fall within the 
development-presumed pattern are amenable to resolution through 
negotiation and/or mediation if the agenda is limited to how tne 
project is to be developed and not if the project is to be 
developed. (See pp. 77-80.) The d;velopers of the Ronald 
McDonald House were willing to enter into mediation once they 
were assured that they had a right to develop the site they h1d 
chosen in Manoa. Mediation focused on the conditions to be 
placed on the permit, but not on alternative locations for t1e 
House. The Duplex Case, involving a community mental health 
facility in Pearl City, was similar. The Mental Health 
Association, sponsor of the Duplex, was willing to use mediatiJn 
to gain some community acceptance, but was not willing to 
discuss alternative sites. The Halekulani Sea Wall case and tne 
He'eia Kea Homes case, involving Hawaiian Electric, are 
similar. The Halekulani developer was willing to negotiate a 
settlement, assuming the pool and sea wall would remain. IIE=o 
was willing to negotiate with community groups and residents as 
long as the question was the nature of the development and not 
whether there would be a development. These cases illustrate 
how the presumption of development by the key stakeholders makes 
negotiation and/or mediation of a site specific land use dispute 
possible. Without such acceptance, resort to adversarial means 
is not only likely but necessary. If development is 
unacceptable under any conditions to those opposing a project, 
then there is no room for negotiation, though, it should be 
noted, people can change their minds over time about what is or 
is not acceptable. 
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Similarly, in disputes falling within the after-the-fact 
pattern, all that is likely to be subject to negotiation or 
mediation is how to mitigate the consequences or compensate for 
what has occurred. (See pp. 72-74.) The after-the-fact 
pattern is characterized by public opposition to a land use 
decision only after it has been implemented. "The public may 
become aware of a project or a violation of the law only after 
it has been in existence for a period of time. For example, a 
variance may have been issued, a building erected or a mural 
painted on a wall." (p. 72) 
Residents were not able to close down Hawaii's first 
geothermal power plant, located near Pahoa, once it was in 
operation. Attempts to mediate the dispute were only partially 
successful. When the case went to court, the judge ruled that 
the emissions from the well did not pose a hazard to health. 
The outcome might have been somewhat different if concerns had 
surfaced before the project was constructed. Manoa Finance 
Company built some units that encroached onto the conservation 
district. After-the-fact, a petition for reclassification was 
approved and the developer fined. A community association took 
Manoa Finance and the Land Use Commission to court. The appeal, 
however, was dismissed, legitimizing the development that had 
already taken place. In these and other similar cases, '' 
the facility, improvement or project was already built, so the 
issue became one of how to legitimize what had occurred or to 
mitigate the impacts of the project. Courts in these instances 
usually do not order a structure to be torn down. Had the 
disputants been aware of the effects of the project before its 
completion, questions could have been raised and perhaps settled 
before the facility or project was built." (p. 74) 
Negotiation and/or mediation may be more suitable than the 
administrative or judicial processes for resolving disputes 
about mitigation or compensation, once it is accepted by the 
disputants that the improvements are to remain. (p. 88) 
Disputes that require authoritative and binding 
definitions are not amenable to resolution through negotiation 
or mediation. We called this the definitional pattern. (See 
pp. 69-71.) The Bishop Estate leasehold land case, Midkiff 
versus Tom, raised the question of whether private property was 
being taken for a public purpose or not. Such a question is 
more amenable to settlement by an authoritative decision-maker, 
namely the courts, than by other means. It is simply not the 
kind of question that could be settled by negotiation. The Wave 
and the Whaling Wall in Waikiki raise similar questions. Are 
they art or billboards? What constitutes a dog kennel? ''The 
Cronin and the Dog Kennel dispute went from the administrative 
level to the State Supreme Court, back to the administrative 
agency and again to the court. The dispute centered on 
conflicting definitions of dog kennels as an accessory use in a 
residential zone.'' (p. 70) ''Connie Cl1un's pet pig is a similar 
case. The dispute, which also went all the way to the Supreme 
Court, centered around whether or not a pig could be a pet." 
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(p. 71) Disputes such as these, which require legally binding 
definitions, are not easily amenable to nonjudicial resolution 
processes. Such cases require an authoritative decision-maker 
to define the meaning of terms, apply specific laws, interpret 
constitutional provisions and/or set precedents. 
The study on which I have reported today leads me to 
several important though tentative conclusions. First of all, 
each of the existing means for settling site specific land use 
disputes has its limitations. None is well suited for the 
settlement of all types of site specific land use disputes. The 
adjudicatory process may be the best way when the issue is what 
constitutes a dog kennel or whether or not a taking of property 
for a particular purpose is constitutional. But the 
adjudicatory process is not well-suited for dealing with 
fundamental development issues such as the desirability of 
resort development at Nukoli'i or West Beach or of an H-3 
freeway across the Koolau mountains. 
Secondly, the research to date suggests that there is a 
need to anticipate and analyze incipient disputes. How to go 
about resolving a dispute, or even avoiding having a dispute 
become full-blown, depends to a good degree on the 
characteristics of the dispute and the disposition of the 
participants or stakeholders. If a developer is only willing to 
discuss how a project should proceed, and its opponents are only 
willing to discuss why the project should never be undertaken, 
there is little room for the dialogue that is fundamental to 
negotiation and mediation. Whether to proceed with constructing 
a nuclear power plant at San Luis Obispo cannot be resolved 
through negotiation among the stakeholders. If the question, 
however, is what should be the nature of a particular 
development, then there is room for discussion and dialogue. 
Thirdly, there is a need for much more information 
concerning the likely impacts of particular proposed 
developments. This information needs to be developed in such a 
way that both proponents and opponents of a project can accept 
the data as trustworthy and believe that the right questio•s 
have been raised and responded to. There is much to be said f,Jr 
joint data development or fact-finding, even recognizing th,3t 
the disputants will interpret these data and weigh varioas 
aspects quite differently. Perhaps if the disputants in the 
Kahaualea Geothermal dispute or in H-Power had shared in the 
process of data gathering and data evaluation, the disputes 
would not have become as polarized and drawn out as they have. 
What becomes important is the availability of information on 
impacts and trust in how that information has been developed. 
Fourthly, there is a need to establish procedures which 
facilitate people coming together to settle or resolve disputes 
which are likely to lend themselves to relatively nonadversarial 
dispute resolution processes. We may want to employ a process 
in site specific land use disputes akin to the newly-instituted 
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court-annexed arbitration. \ve may want to provide a structured 
opportunity for mediation or negotiation prior to the hearing of 
a dispute by an administrative or quasi-judicial board. If we 
do so, we will want to provide some incentives to assure that 
such mediation or negotiation is undertaken with the serious 
purpose of dispute resolution and not simply in order to comply 
with some new procedural steps. Such procedures, however, 
should probably be set up in a way that assures the right of 
subsequent appeal as in court-annexed arbitration. 
Fifthly, there is need for new and vibrant leadership in 
approaching the settlement of site specific land use disputes. 
We need to have developers, such as HECO, and community 
participants, such as the Kahaluu Neighborhood Board and !lui 
Malama, who are willing to sit down together and seek to 
reconcile their differences. They may not succeed in reaching 
agreement, but they are likely to narrow the areas of dispute 
and to vastly increase their understanding of what is important 
to others who have differing interests. The major candidate for 
this leadership role is government itself. If government as 
developer would look at the record -- H-3, the General Aviation 
Airport, H-Power, Barbers Point Deep Draft Harbor, Hale Mohalu, 
Makua Beach and Sand Island, on the one hand, and Kawainui 
Marsh, on the other -- then perhaps government as decision-maker 
would recognize that it has a major stake in seeking to work out 
such developments in a less adversarial manner. Government, in 
particular, has the resources to enlarge the development 
package so as to provide compensating benefits to those who are 
being adversely impacted by a public development. But most of 
all, government as decision-maker is in a position to change the 
manner in which government as developer approaches site specific 
land use disputes. 
The task of resolving conflicts has been with us for a 
long, long time; it is a task central to the human condition. 
What is happening today, given the nature of political, social 
and economic changes, is that the old ways of resolving disputes 
are not working as well as they once did. In Hawaii, the 
oligarchy, for decades the primary societal decision-maker and 
thus the primary adjudicator of disputes, is long gone. Its 
successor, sometimes termed "government by consensus," is 
passing from the scene. The future could well be marked by 
major political and economic battles over the use of resources 
which lead to increasing polarization and further 
marginalization of groups in our society. 
The 
attitudes 
in which 
begin to 
people to 
another's 
providing 
problems. 
alternative is the emergence of a new set of 
about the nature and function of disputes and the ways 
they can be managed, transformed and resolved. We may 
conceive of disputes as providing opportunities for 
come together and increase their understanding of one 
interests. We may begin to perceive of disputes as 
opportunities for creating new solutions to old 
We may begin to approach disputes as a means of 
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providing opportunities to establish new relationships among 
disputants that will lead to a better future. 
The research which I have reported on today does not 
imply that utopia is just around the corner. What it does 
suggest, however, is that by understanding the characteristics 
of disputes and the processes that are employed in resolving 
them, we can begin not only to expand the options for settling 
disputes, but also do a much better job than at present of 
matching particular approaches to dispute resolution t.o 
resolving specific types of disputes. 
There is much to be learned about disputing and conflict 
resolution. The report on Land Use Dispute Resolution in 
Hawaii: Expanding the Options only scratches the surface. We 
need to know much more about the characteristics of specific 
disputes, about the impact of particular resolution processes con 
the attitudes and behavior of disputants, about who benefi1s 
from less adversarial approaches to dispute resolution and wl1o 
benefits from the more adversarial approaches, and about 
institutionalizing new options for settling disputes. These 
questions, among others, are central concerns of the new Hewlett 
Foundation-funded Program on Conflict Resolution at the 
University of Hawaii. One of the projects of that Program, 
jointly sponsored by the Hawaii Natural Energy Institute and the 
Department of Planning and Economic Development, is specifically 
addressing disputes as they relate to the development <lf 
alternative energy. 
But the learning endeavor is in no way the sole 
possession of a research program at the University. Rather, lt 
is one which involves all of us. First of all, we can begin ~o 
analyze dispute characteristics and resolution processes so as 
to do a better job of matching disputes and the processes JY 
which they are resolved. Secondly, we can expand t~e 
opportunities for resolving disputes in a less adversarial 
manner than at present. Thirdly, we can broaden the basis far 
participation in resolving disputes over resources a~d 
simultaneously change the nature of that participation. There 
will continue to be disputes over the use of Hawaii's limited 
resources. This is inevitable, given the different values we 
hold. What we can do, however, is to create a new and affirming 
climate in Hawaii for resolving resource disputes. 
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RESPONSE PANEL 
Moderator, Peter Adler, Director 
Program on Alternative Dispute Resolution 
State Judiciary 
INTRODUCTION by Dr. Peter Adler 
As you already learned this morning, mediators don't impose 
decisions when they go around doing their work. Instead what they do is try 
to help people communicate and negotiate. And I think that's given rise to 
what I believe is the first real mediator joke that I've every heard. It goes 
like this. It seems that there was a mathematician, a statistician and a 
mediator and they were all standing around and talking about how much is two 
plus two. And the mathematician said that he'd been studying the matter and 
that he believed the answer could not precisely be determined with the best 
available mathematical theories and knowledge. The statistician said that 
he'd been studying this also and that he thought there was a 95 percent 
probability that the answer lay some place between three and five. The two of 
them turned to the mediator and the mediator took them off into separate rooms 
and said, "Well now, tell me, how much would you like it to be?" 
It is my pleasure to introduce a panel to you that consists of 
Mrs. JoAnn Yukimura, Mr. Kenneth Kupchak, Mr. Hideto Kono, Mr. John Whalen, 
Mr. Arden Henderson, Mr. George St. John, Mr. David Matteson, and Dr. John 
Knox. 
Mrs. JoAnn Yukimura is an elected member of the Kauai County 
Council. She is a trained attorney and ho 1 ds degrees in psycho 1 ogy and 1 aw 
from Stanford and the University of Washington. She has been extraordinarily 
active in community and environmental affairs. In addition to being a mayoral 
candidate twice, she has helped launch a number of citizen organizations 
including the Niu Malu Nawiliwili Tenants Association, Save Nukoli'i Committee 
and the organization called Stop Hi-Rises on Kauai. 
Mr. Kenneth Kupchak is a Director and Officer in the 1 aw firm of 
Damon, Key, Char & Bocken; he has also been extremely active in environmental 
and 1 and use affairs and is a member of the Hawaii Coast a 1 Zone Management 
Statewide Advisory Committee and the Kawainui Technical and Policy Advisory 
Committee. In addition to being a well respected ·attorney in Honolulu, he is 
also a trained scientist with a degree in meteorology. 
Mr. Hideto Kono is a Commissioner on the State of Hawaii Public 
Utilities Commission and in January of this year was appointed PUC Chairman. 
Mr. Kono has a long and distinguished career in public service. He has been 
Director of the State Department of Planning and Economic Development, 
Director of the Hawaii Visitors Bureau, Chairman of the State Tax Review 
Commission and President/Director of Castle and Cooke East-Asia Limited. Mr. 
Kono also played key roles in the Territorial and State Civil Service 
Commission and in the formation of the East-West Center. 
Mr. John Whalen is Director of Land Utilization for the City and 
County of Honolulu. He has worked as an Urban Planner in latin America, on 
the Mainland and in Hawaii. He was a senior associate with the landscape 
architecture and planning firm of E.D.A.W. He has graduate degrees in Urban 
Planning and Public Law and Government. 
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Mr. Arden Henderson has agreed to substitute for Mr. Rod Moss this 
morning. He is President and Director of the Maui Electric Company, Ltd. He 
holds degrees in Engineering, and Business and Management from the 
Universities of Oaklahoma and Hawaii and has held a number of professional 
appointments with the Bonneville Power Administration and the Aluminum Can 
Company of America. He is active in civic and community affairs on Maui and 
is incoming President of the Maui United Way Board of Directors. 
Mr. George St. John is President of Amfac Energy, Incorporated, the 
energy arm of Amfac. He is the Principal of the Puna Geothermal Venture on 
the Island of Hawaii and the City and County of Honolulu's H-Power project 
which was awarded to Amfac in July 19B5. Mr. St. John is an electrical 
engineer by training. 
Mr. David Matteson is Public Issue Specialist and Account Executive 
with Communications Pacific, the State's largest public relations firm. He is 
a trained mediator and facilitator and was formerly Director of the 
Neighborhood Justice Center's Conflict Management program which specializes in 
resolving development disputes. Mr. Matteson holds graduate degrees in Urban 
Planning, Public Health and Secondary Education and has mediated disputes over 
the Hanalei Bridge, the Ronald McDonald House, and the Duplex facility in 
Pearl City. 
Finally, Dr. John Knox is President of Community Resources 
Incorporated, a private consulting firm specializing 1n social impact 
assessment, public opinion research and social program design. He holds a 
Ph.D. in Psychology from the University of Hawaii and has been both a 
newspaper and radio journalist. Dr. Knox has been involved in a number of 
development projects including the Village Park Expansion Program in Waipahu, 
the Kahe Point OTEC project and the Kuilima Community Interaction Process. 
On behalf of the OPED, the Judiciary and the University, I want to 
thank all of our panelists for being with us today. 
My job here is to try and pose a few questions to the panel to 
stimulate some discussion and some responses to the talks by Mr. O'Connor and 
by Dr. Dinell. In a little while, after we've gone through a bit of 
questioning, I'm going to ask David O'Connor and Tom Dinell to join us and 
open the panel to some questions, answers and comments by all of you. 
Let me begin at the beginning. We have a tremendous list of who's 
who in 1 and use and energy disputes and you've heard about some of them this 
morning. You've heard mention of Nukoli'i, Barbers Point, West Beach 
Development, the proposed Queen's Beach projects, H-Power and so on. Let me 
ask Mrs. Yukimura and Mr. Kupchak: You are both veterans of some very tough 
and comp 1 i cated pub 1 i c controversies. Where do these kinds of prob 1 ems come 
from and is there something inherent in Hawaii's political and social setting 
that requires us to have these long disputes? 
Mrs. JoAnn Yukimura: Speaking from my experience with Nuko 1 i 'i and 
with the Tenants Assoc1at1on of the Kilauea Farmers and the Ohana of 
O'Mahalopu. I've been in government for a while so I should say that I may 
not be the best citizen representative because I have one foot in government. 
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But as I recall my earlier days, the problem and in fact the reason why I 
finally decided to run for office, was that citizens were cut out of the 
decision-making process. They could go to public hearings and speak their 
positions and even offer all sorts of data and documentation but that seemed 
to be form only and something that did not seem to have any impact on the 
decision-making process itself. And so I feel that that's where the citizen 
uproar and anger comes from. 
Mr;· Kenneth Kupchak: That's a tough question. When I first came 
out here, one of the things that struck me as different from what I was used 
to, was the fact that we had only a two-tier system of government. With the 
second tier being the County level, people in many areas around the counties 
feel somewhat unrepresented; government as a whole seems too big. They drop 
out of the process or the process does not absorb them in such a meaningful 
way that they feel that they have an impact on the system. Oahu, some years 
ago, went to the Neighborhood Board System in an effort to overcome some of 
the alienation that some of the people in the community felt. I think it is 
necessary to make every member of the community feel that he or she has an 
active part in the government. They don't trust some of the systems unless 
they are. Therefore, they come up with their own groups; they have to 
advocate through the media and the courts to get the attention of the decision 
makers. It's like getting the 2x4 to hit the jackass on the head to get his 
attention, to get moving, if you remember the old joke about the donkey. I 
think the primary reason is that you want to be listened to. The mediation 
process we have been talking about today may provide the alternative to that. 
llr; Peter Adler: Let me shift. Mr. St. John and Mr. Henderson, you 
both in a sense are here representing elements of private industry today. Do 
you view these conflicts as inevitable and could you tell us a little bit 
about what you do to prepare at the front end of a development project and how 
successful are those efforts? 
Mr; Arden Henderson: The area that I deal with as a utility 
representative is a little off of what Rod Moss would have spoken of but I 
think it applies along the same line. The conflicts that we see, particularly 
on Maui, really do concern us and address the question that you directed to 
me. Because we are a growing island, we have an airport that is overcrowded 
and for lack of resolution of what the safety, health, and crowding aspects 
would be some years ago, we were forced into a situation where the airport is 
expanding. It had no choice. But it is expanding in a way that I think all 
the people involved in the conflict situation would not best be satisfied. 
The problem has to be solved. And I think that's what we're facing all too 
often and I think this is a result of a lot of the kind of delays addressed by 
Kent Keith and by Governor Ariyoshi. I think we really need to look at what 
was being said this morning in David O'Connor's remarks. The conflict 
resolution is at the wrong end. By the time it got to solving the problem of 
the Hudson River project, by the time it got to the point in solving the 
problem of coal conversion, the money had already been spent. It was too 
1 ate. And in the case of many of our projects on Maui having to do with 
wind-generation siting, geotherma 1 exp 1 oration, the airport, 1 andfi 11 sites, 
the water quality situation, these need to be solved at the front end. What I 
would like to see consideration given to, and I think Tom Dinell did address 
this for Hawaii, is that it needs to be at the front end. We need to address 
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what the problems are, try to get people together in agreements to form some 
consensus so that we agree how a project should be done, not if it should be 
done. This should be done at the front end. --
Mr; · George· St. ·John: I am trying to respond, I think, to two 
questions. One is what do we do to prepare for conflicts and the other is are 
the conflicts inevitable? I don't think the conflicts are inevitable, but I 
think disagreements are inevitable. The projects that I've been most closely 
associ a ted with have for the most part been very 1 arge and they've been 
designed to serve a 1 arge portion of the community. But, as it was pointed 
out this morning, they have to go in a very specific place. Any individual is 
apprehensive about having a major facility located in his neighborhood. 
That's only natural and only to be expected. What we do to prepare, what we 
do now versus what we might have done in the past, hopefully are different. 
I'm certainly not prepared to say we have answers. I've certainly learned in 
the projects I worked on. 
The individuals that are concerned are genuinely concerned. Many 
times they are genuinely frightened. Sometimes people do have other agendas. 
But the fellow who has a home, who has a family he's worried about, can become 
truly alarmed about the project's having some rather dramatic and negative 
impact. And it's difficult sometimes for him to obtain information. I think 
that's where the advocates of the project have a very large responsibility to 
do a good job of communicating. That point was made this morning and what we 
are trying to do now is to disseminate information. It's sometimes difficult 
to have people believe you if you are a developer. It's a natural thing for 
the person who is suspicious or skeptical to believe that you are selling only 
one side of the story. We always try to be as factual as we can, but the 
person doesn't necessarily know that. So you need a way to communicate to 
them what the real impacts are so that they can understand. For instance in 
Waipahu, when we were talking about locating H-Power there, there was a 
concern about the traffic. It was somewhat over 1 coked that there is a 1 ready 
an incinerator in Waipahu and a fair amount of traffic went to that 
incinerator and still does to this day and will continue even with H-Power. 
If H-Power had been located in the community as originally planned, the 
traffic to the incinerator would have decreased over the streets that were of 
concern. It's a detail but a very important detail to those people who live 
there. So what would we do differently? I think we waul d try as much as we 
possibly can to get the information directly to the people who are concerned. 
Are conflicts inevitable? There's going to be a difference in 
opinion because we are trying to serve a large segment of the community. For 
an airport, a power plant, a resource recovery facility, most of us don't want 
those kinds of facilities near our homes. So our own personal interest is not 
the same as the overall community's interest. We all recognize, speaking from 
a community perspective, that most of these facilities are needed. But from 
our own personal perspective, we all recognize that we'd much rather have our 
own large backyard. So I think that there will be a difference in opinion on 
whether or not we can avoid the conflicts. I certainly hope so because I can 
tell you they're extremely expensive. Whether they are inevitable or not, I 
just don't know. 
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Dr. Peter· Adler: Thank you. Mr. Whalen and Mr. Kono, you both 
represent 1mportant government agencies that administer or regulate various 
kind of matters. Certainly one of the ro 1 es of government in the generic 
sense is to help resolve disputes. As you survey the present landscape of the 
kinds of issues we've been talking about here today, what kinds of disputes or 
conflicts or issues seem to be getting handled effectively and which ones 
don't? 
ML Hii:leto Keno: You not ice Peter Adler put the government types 
between the environmentalists and the developers. And you also notice where 
the mediators are; they're in the left field! They have been that way. 
Hopefully, they will get more into the center and help us resolve some of the 
problems. I'm sure that it's presumptuous on the part of Mr. Whalen and me to 
represent government perspective because as you know we have at 1 east three 
levels of government and three branches of government in Hawaii. But, we are 
faced with making decisions. That's the nature of government. Whenever the 
environmentalist and the developer get together there are going to be multiple 
issues and we have to make those decisions. As others have pointed out 
earlier, when the issues are abstract, generally we can resolve those 
problems. But if they are site-specific issues that involve one person's 
backyard, or those that involve a lot of money, we have a hard time making 
decisions because if we make those decisions without following the legislative 
procedures, or what the court believes are steps that have to be taken, pretty 
soon in the litigious society that we have, individuals will bring us to court 
and delay the process. Certainly it's desirable that we help find a position 
that is acceptable to the bodies involved but that's not very practical or 
realistic. Hopefully, we as members of society realize that we're all in the 
same canoe. Therefore, we compromise and a 11 ow certain things to occur even 
though we don't particularly like them, so that the entire society is 
benefited and by that way, with that strong motivation, we are able find some 
sort of a solution. 
Mr, ·John Whalen: The Department of Land Utilization is often an 
arena for some very heated disputes, often affecting people very directly. 
Propos a 1 s for uses in resident i a 1 neighborhoods, for ex amp 1 e, often become 
very controversial because they affect people so directly and at close range. 
I'd say that some of the more difficult cases or the ones where the debate 
gets more acrimonious and people get very emotional, are cases of projects 
where people suddenly become aware the proposal exists. It seems to have come 
out of nowhere. Often that's not the case but suddenly people become aware of 
it, usually through a public hearing notice. The lack of information or the 
lack of awareness of the project itself becomes a point of contention and 
people feel that they hadn't been properly informed. I think some of the 
opposition might actually be assuaged if people had felt that they were a part 
of or at least had information about meetings early on. In other cases, a 
project proposal may have been around for quite sometime but had gone through 
other arenas or other types of procedures. Maybe it was more abstract at an 
earlier stage and people seemed not to have been following the proposal as it 
developed. 
I'm not sure what the solution to that is. However, 
one of the inherent problems that we face now that seems to 
litigation these days is our multiple permit system which 
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it seems that 
1 ead more to 
has been an 
increasing trend over the last decade or so. This tends to compartmentalize 
issues and the parties involved in disputes or potential disputes. It also 
diffuses those issues. As a result, with all the multiple permit processes 
there seem to be, that by the time dispute goes to litigation the arguments 
center around procedural questions and definitions. I wouldn't say the 
substantive issues are lost completely, often they are subrosa, but they're 
not right there being discussed in court. This focus on procedural issues 
tends to lengthen the permit or the approval process even further because the 
court's decisions require greater notification. So it becomes a vicious 
cycle. Often we find also when there's a protracted decision process with one 
sequential process after another, positions often get hardened over time 
between the various parties involved; the range of feasible alternatives for 
the developer become narrowed as time goes on. Often there's more flexibility 
at the beginning but later the options narrow because of economics. 
Dr.· ·Peter · Adler: Let's jump now 
Mr. Matteson, Dr. knox. From your point of view, 
availing themselves of mediation. If this process is 
people using it? 
to the practitioners. 
why aren't more people 
so good, why aren't more 
ML David Matteson: I think there are a number of reasons. First, 
it appears to be a nove I approach for many people. It's unfamiliar to them; 
they have a lot of investment in doing things in tried and true ways. But I 
might interject here the concept that a lot of people have a tool bag that 
they carry around with them and the only tool that they have in that tool box 
is a hammer. In that case, it makes everything in the world look like a 
nail. This is sort of standard human· nature; we believe that a certain 
approach should work and continue to pound away at that approach in spite of 
apparent unsuccessful attempts. Perhaps it worked once and there's that sort 
of intermittent reinforcement approach. I think people don't avail themselves 
of mediation yet because they don't know what it's all about and they are 
clinging to old habits in some ways. I also think that presently in Hawaii, 
at least, there is not a lot of visibility for the work that has been done. 
The conflict management program with the Neighborhood Justice Center 
started almost five years ago. It mediated over 60 cases, eight or nine of 
those rather major cases, with a fair amount of success and yet there has not 
been a 1 ot of visibility about the achievements that have been made in that 
area. There have been a number of events that have taken place, particularly 
those sponsored by OPED, where an agency has brought in neutral and impartial 
facilitators to run meetings. Not the least of these was a recent one that 
Kent Keith brought about several weeks ago based on the question of siting the 
convention center. OPED took a very active leadership role to try and apply a 
new way of doing business to an issue that is very early in its evolution. 
I think another reason that people don't avail themselves more often 
of mediation or negotiation is because they are confused. There is not a lot 
of basic theory that we can draw on; there are not a lot of case studies that 
you can look at and get anecdotal insights. I think negotiation, as was 
pointed out earlier, is not universally applicable. There are certain 
conditions under which negotiation is appropriate; there are a certain 
conditions under which mediation is appropriate; there are certain conditions 
under which the court process is appropriate. Although I think we are 
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beginning to have some pretty good insights into situations where various 
techniques or strategies are best applied, we still don't have any hard and 
fast rules. The landscape shifts constantly and particularly in public policy 
disputes. There is, I think, a natural history to these that is rather 
predictable. We don't have a lot of good data to rely on, to draw a model of 
what a public issue looks like over time, but we do know that interests change 
over time, the parties change, and positions change as new information becomes 
available. At various points along the way, you may want to be applying 
different techniques, and how do you know who you're playing with if parties 
keep changing, and how do you know what the right technique is if the 
landscape keeps shifting? So there's a certain sense of, ''I don't want to get 
involved in that because it's just too unpredictable." But I think that the 
advantage in continually looking to apply some of these ideas is that you are 
then trying to continually maximize your opportunities at any given moment. 
There is a tendency to try and reduce a complex situation to familiar patterns 
and there is a real danger in reducing a complex situation to a pattern too 
early. People will then take a position; they'll decide this is the strategy 
we need to play with and they'll hold on to that for dear life because that's 
the only thing that's predictable, because they said, "We made this decision 
and we're going to stick to it." That's when you begin to see people get 
highly positional. 
Dr;· John Knox: The City Counci 1 commissioned the study on the 
social impact management system which, as originally conceived, was to provide 
incentives for both communities and deve 1 opers to get together early in the 
process to head off conflicts. For whatever reasons, it was not ultimately 
implemented. I think another reason that negotiation or mediation has not 
been often tried in Hawaii is the question of incentive. I notice that 
espec i a 11 y the citizen groups and deve 1 opers who are getting more and more 
interested in negotiation are people who have had experience in conflicts, who 
have had their heads bloodied. In Tom Dinell's practicum report there was an 
interesting sentence, "Its unlikely that you're going to have people 
interested in getting into mediation or negotiation if they be 1 i eve they are 
involved in an epic heroic struggle, a good versus evil." That sort of 
mentality I have encountered on both sides of the fence and it's usually early 
in the process, when people are having their first experience in getting in 
there. They don't know the other side. They are ab 1 e to characterize the 
other side as i rrespons i b 1 e wh i 1 e they are on the side of the ange 1 s. The 
1 onger they are in, the more they rea 1 i ze that it's not that simp 1 e and they 
begin to look for another way. Possibly a third reason has to do, as John 
Whalen mentioned, with the many 1 ayers of permits and many 1 ayers of p 1 ann i ng 
that exist. At the moment I think it would be very valuable if we began to 
give some thought on how to tie the type of negotiation and the objectives of 
negotiation to the level of planning that we're talking about. For example, 
when we're de a 1 ing with the Genera 1 Plan change on Oahu and the Deve 1 opment 
Plan change, that's a general level of planning decision. One of the problems 
is that we get into a set of negotiations and we may end up trying to nail 
down every single detail. We've got to come up with tiered system, just as 
our permits are tiered. They began at a very genera 1 1 eve 1 and get down to a 
very specific level into zoning. We've got to come up with systems which 
match the level of decision-making. 
-32-
Or, Peter Adler: JoAnn, did you want to add something? 
Mrs; JoAnn· Yukimura: From a citizen's viewpoint, I think the reason 
why mediation isn't used very often in Hawaii is that citizens don't know it's 
available for one thing, and sometimes it isn't actually available. I'm 
thinking of the case of Nukoli'i. This has to do with government and its 
potential for promoting mediation and its use. One of the problems in 
Nukoli 'i was that government was not viewed as an impartial decision-maker. 
It really looked to citizens as if there was collusion involved between 
government and the developer. Just look at the sequence of events. Citizens 
appeared in full force at the General Plan hearings and then at the zoning 
hearings. Before the zoning decision was made, there was a general election; 
it was a big campaign issue and four Council people were elected who stood for 
no development at Nukoli 'i. And three months after the election, the zoning 
was passed with a majority of four out of seven Council members for a resort 
at Nuko 1 i 'i. Then the citizens challenged the Shore 1 i ne Management permit; 
went to court on it; and got the developers on their illegal sewage treatment 
plans. I mean, it's just a series of events that made citizens think that, 
"There's something going on here." Not to mention the building permit which 
was issued the day before the initiative and referendum. And so •.• it would 
have taken a lot for government to look like an impartial decision-maker or at 
least be willing to mediate and it didn't seem like it was in that case. I 
want to say that I&R (initiative and referendum) has been touted as one way 
decisions are made. It's a terrible way, in my opinion, to make a decision. 
But in the case of Nukoli 'i, from the citizens' perspective, it was the only 
resort -- it was the last resort. We had nothing else. We had tried 
everything --the democratic process of elections, all the public hearings and 
administrative reviews -- and nothing seemed to work. That's why citizens 
went to I&R. Of course as was demonstrated later, it's a double-edge sword 
when you have lots of money that can handle the publicity and so forth. But 
either citizens don't know mediation is available, or they don't know how to 
use it. It's a very unfamiliar tool and so people don't know what it actually 
i nvo 1 ves and they don't know how they will benefit. I think there are a 1 ot 
of misconceptions that it will i nvo 1 ve a 1 ot of compromise and sell out. I 
think there is a lot of room for education from the citizens' viewpoint on how 
it could really help on both sides. 
Mr; Kenneth Kupchak: I want to reinforce a number of things that 
have been stated. The publ1c interest groups and citizens' groups generally 
do not want to litigate. It's a last resort alternative. It's very costly. 
I spent three years on the Kawainui situation, I'm in my fourth year on 
geothermal and Boyce Brown has obviously made a lifetime out of H-3. We don't 
get paid for this ... most of us would rather do other things like spending more 
time with our families. All of the people that usually support these 
activities are volunteers. Most often, the only thing that these people want 
is for the decision-maker to listen to them with undivided attention and to 
explain the results in a manner that's understandable especially if the 
results are contrary to what the citizens want. We want to know why the 
decision was made and why our positions were not acceptable. I assume in most 
cases there are reasons, but when the results are not explained or not 
listened to, we don't trust the process. We need to have the rules of the 
games spelled out in advance. I agree that I'd like to have front-end 
resolution on most of these items but this requires an effective advance 
-33-
notice system. With respect to Kawainui, under Mr. Kono's leadership, we put 
together a task force at the State level. We involved all of the parties and 
I think came out with a very good plan. We had people from the community, we 
had the environmental groups, we had industry and we had the Chamber of 
Commerce participating with the government agencies. We spent a year or two 
hammering out the results and I'd like very much to see that implemented, so 
that we'd have a concrete example that government can take the leadership to 
bring the parties together. With respect to geothermal, we've had a number of 
efforts to reach some sort of agreement between the developers and the 
community people. The process that's taking our time at the present is a 
result of some 1 istening to views. We are considering land exchanges and I 
think that the issue is no longer whether the project should go forward, but 
as Tom and David indicated "how." We have, in fact, today the beginning of 
the next session on contested case hearings on geothermal and the first 
conflict I had to resolve was whether to be there or here. One other example 
I want to call to your attention has to do with the neighborhood boards and 
the general planning process. When I was head of the Kailua Neighborhood 
Board, the Department of General Planning and DLU would require most of the 
developers to come and talk to us before they made their applications. It was 
my opinion that that process alleviated many disputes. We had developed in 
Kailua, through a series of surveys, an idea of the kind of town we wanted and 
we talked with the developers on how to fit their proposals into that 
concept. We were sharing our mutual interest in trying to accommodate both 
and I think that process ought to be continued. 
Dr.·Peter·Adler: David, did you want to add? 
Mr, {}avid Matteson: Yes, thank you, Peter. I want to go back to 
your first quest10n which was "Is there anything unique about Hawaii?" because 
I think that's important. I think there are a couple of things that make 
Hawaii different from some of these cases that you see on the Mainland. 
Hawaii is a sma 11 community. We all know each other's business. Every 1 and 
use or public policy debate impacts each of us fairly closely. It's not like 
we live in the mid-West where an alternative would be to move the factory or 
the proposed project out of the city. We are very, very sensitive to the 
question of regional benefits and local costs. And I think to answer your 
question, "Why aren't more people utilizing mediation?" I think it's partly 
because we have long memories in Hawaii. People carry around a fair amount of 
baggage from one dispute to another and so there is a tremendous amount of 
mistrust that needs to be overcome. Where does that mistrust come from? It 
comes from getting bad advice, I think. So I'm really delighted that there 
are so many people, not just saying negotiation or mediation is a panacea for 
you, but helping people. As Tom Dinell mentioned earlier, one of the needs is 
for people to understand better their own disputes or their own role in 
various issues so that they can make more intelligent decisions, so that the 
right information does get communicated. Because you cou 1 d have the best 
information in the world and unless somebody is ready to hear it, you're never 
going to get through to them. 
Dr. Peter·Adler: Mr. Kono, did you want to add something? 
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Mr, Hideto Kono: Yes. Somebody said that you really don't have 
mediation w1thout conflict. I think this panel is too mild. We ought to have 
a little bit of conflict. From the government perspective, you see the 
developers often are so used to making decisions from the top that it is 
difficult for them to consider all aspects of their development. Oftentimes, 
however, the environmentalists need some kind of education because the answers 
are somewhat confused. But often times I see that leaders of the 
environmentalists have some hidden agenda or they represent that they are 
heads of the group in showing the short term without really looking at the 
balance of what is in the general good. Often times, as you know, the leaders 
of the environmental group begin to build a constituency and pretty soon you 
see them all running for office. Often times, faced with this problem, and as 
you know the government fellows are short-time fellows or sometimes they have 
kids and have mortgages on their houses and so they are afraid to make 
decisions. It's very important that government administrators in the 
conflicts not delay these things but make a decision and face up to it. For 
this we need good administrators. We need to educate and train our 
bureaucrats to make decisions in a timely fashion. I hope this provokes some 
controversy. 
Dr, ·Peter ·Adler: Let me ask a question to Mr. St. John and 
Mr. Henderson. Let's say that you were facing a situation on the siting of a 
facility and you were predicting there was going to be community opposition to 
it. What would you do; how would you go about finding a mediator; how would 
you begin to initiate that process? If you decided that you really did want 
some outside assistance with the negotiation process, how would you do it? 
Mr, George· · St; John: I'm not always sure that we would want 
necessarily to start w1th mediation. In fact, with H-Power for instance, we 
did start with the neighborhood board and you may find this quite surprising. 
H-Power was endorsed by the Waipahu Community Association. That was rather 
shocking to many people, given the end results. That endorsement was 
subsequently withdrawn and the whole process was turned around. I appeared on 
several radio programs and met in more coffee meetings that I can possibly 
keep count of, but nevertheless, the result that came out was negative for the 
project at that site. So I think Mr. Kono has made a very valid point. 
Communication is not always the answer and mediation is not always possible. 
The situation exists, sometimes, where people just plain don't want a 
facility. Its merits are not the issue. The facility from their perspective 
will not be here and a clever person, an intelligent person can in our society 
stop a project. You need no greater proof. In our community, the moving of 
H-Power cost all of you who 1 ive here at least a hundred dollars each for it 
to be located in its new site. That's the capital cost. The operating cost 
is even higher. So the citizen does have tremendous power, tremendous 
capabilities. 
We were supported by the City, we were supported by many of the 
leaders in our community who all felt that there was tremendous synergism by 
having the sugar mi 11 and the project together. Yet a re 1 at i ve ly sma 11 group 
of people, who for the most part I believe were very sincere in their beliefs, 
were frightened of this project and by combining their efforts, they were able 
to stop it. I don't know if mediation would have helped. It might have. I'm 
sure that better communication can always do a better job. But it wasn't due 
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to lack of effort on the part on the City, on the part of private industry 
that was involved, or on the part of the community in trying to understand in 
this case what the project was. I think there was just a legitimate 
difference of opinion as to what was right and what was wrong, and the 
citizens of Waipahu in this case got what they wanted, they got the project 
moved. 
Dr. Peter Adler: Thank you. Let me ask a very different kind of 
question to Ken and JoAnn. Both of you are lawyers. Do you have any sense 
that an attorney working on either side of land use and energy siting issues 
might be inherently distrustful of proposals to mediate or negotiate? That's 
the first question. And the second one is, do lawyers sometimes get in the 
way of negotiation and settlement discussions? 
Mr; Kenneth Kutchak: I think it has more to do with personalities 
than the profess10n. !now I'm involved mostly, not because I'm a lawyer but 
because I have a chemistry degree, a meteorology degree. I was a practicing 
meteorologist for several years and I'm an amateur botanist and geologist and 
I have a lot of knowledge on Hawaiian history which interrelates with all of 
that. These issues come up in almost every case and that's why I've been 
involved them. With respect to whether the lawyers help or don't help; some 
do and some don't. I sensed in some of the proceedings I've been involved 
with, a hesitancy on the part of the opposition to deal with me on some cases 
and not on others. And the ones where I sensed the hesitancy, I felt that 
there was an attempt to gain an advantage over the client who was not as 
sophisticated in the matters that were before them. But in some of the other 
cases there were personalities involved and that would have occurred no matter 
whether I'd been a lawyer or not. There's a fear of a lawyer because he knows 
the sys tern. Many times a volunteer from the community has no ide a what's 
going on in the system and they need some assistance. If they are left to 
their own, they can be taken advantage of, in some cases. Over the years, 
we've deve 1 oped a pretty sophisticated public interest group so they don't 
always need the lawyers any more. 
Dr. Peter Adler: JoAnn, do you want to add anything? 
Mrs. JoAnn Yuk imura: Yes, I don't think 1 awyers as a group get in 
the way of. .. or, let me say, would be afraid of negotiations or mediation. It 
seems to me it's a normal part of their daily routine and that it would be 
something they would feel at home with. In terms of whether they interfere, I 
think it is more a personality issue in terms of resolving disputes. 
Dr; Peter Adler: Any other thoughts? John? 
Dr. John Knox: Let me go back a moment to the question why 
mediation is not turned to as much as it should. David pointed out that most 
of the successful documented mediation cases have involved government and 
quite often are, in fact, between various government agencies. Tom Dinell 
ta 1 ked about the fact that a we 11-organi zed community is more easily de a 1 t 
with than a loosely organized community. Many of our disputes in Hawaii have 
been between a private developer and community groups. And many of them have 
involved anxiety on the part of an entire community. I think the Waipahu 
situation was an excellent example of an initial group of people taking a 
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position, but they couldn't speak for everybody in the community. And that 
is the nature of those types of disputes. It's very hard to get all the 
stake-holders at the table or some elected representative of all of them to be 
there. In those kinds of "not in my back yard" or similar concerns, we have 
to come up with some kind of validation procedure. We don't have it yet. We 
don't have a way of bringing the Waipahu Neighborhood Board together and 
working out an agreement with them, but then making sure of taking it to all 
of Waipahu and getting all of Waipahu to sign off on it. There are some 
pass ib l e avenues to explore, surveys, etc., but I think that's an avenue for 
research on the part of universities. 
Dr, Peter Adler: At this point, I'd like to switch gears just a 
bit. I'd l1ke to 1nv1te David O'Connor and Tom Dinell to come up and join us 
in the panel. And I want to throw the floor open for ideas that you'd like to 
express or questions either to individual people or to the panel as a whole. 
There's a microphone in the center there and feel free to step up or if you 
have a loud booming voice you can just stand up. 
Mr, Hideto Keno: You mentioned lawyers and certainly that should 
not go by w1 thout comment. I like lawyers i ndi vi dually but we have too many 
of them. And the only way they can really survive is to increase their work 
load and that means they are going to have a lot of paperwork generated, a lot 
of controversy. The tendency and the training of lawyers is to take either 
the positive or negative. And when they take the negative, they push the 
negative to the hilt and the positive fellows, the complainers or the 
defendants and the plaintiffs, all take very extreme positions. And so they 
favor also a contested case, in which a lot of people are allowed to voice 
their opinion, but in a structured way. When you have a structured method, 
you have a pre-hearing conference, you have the interrogatories that pile up 
into tons and tons of paper. This is expensive for the citizens who are the 
taxpayers. But, you know, this is a system we live by. If we can avoid too 
much of that legalistic approach to the solution of our problems, I think 
we're that much ahead. 
Dr.· Peter Adler: I believe this gentleman has a question or a 
comment. 
Comment: I'm from one of the neighborhood boards. I'm a planning 
chairman and in planning I read a lot of material that comes across my desk, 
but it's long and involved. Sometimes I think it should be written in a clear 
text, say for about a tenth-grade level, because we do have to go out in the 
community to explain it to the people and to get their interest. Because the 
worst thing is to have a board meeting and have nobody come. Then, you don't 
know peoples' concerns and have to run a survey which is expensive and 
time-consuming. 
Elr. Peter Adler: So are you saying that many discussions are 
conducted in such abstract terms people don't understand what's going on? 
Comment: I'd say a lot of what is written is written probably for 
someone wlth a graduate degree in law or for planners with masters degrees. 
If these plans could be written down to a level for the people that they are 
going to impact it would be better. Also planning seems to take a lot of 
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money and it almost seems as if research firms make money from it. It seems 
to be a long and involved process which adds to the cost, in addition to 
delays with the environmental groups fighting and other community groups 
fighting specific areas. 
Elr, · Peter Adler: 
additional thoughts? 
Does anyone want to respond to that ... any 
Panel Member: He makes a very good point and I think this gets back 
to the question that was asked. How do you chose a mediator or do you really 
choose a mediator? One of the things that I've had brought up to me from some 
of the people that we have talked to, they are in a conflict situation in the 
first place because of mistrust. And if you get somebody in as a mediator, 
somebody who is part of the negotiation process that doesn't really have 
rapport with the peop 1 e that you are trying to ta 1 k to, it's bad. The peop 1 e 
I've talked to, by and large, I think they're sincere, they want to understand 
the situation. I think the worst thing that can happen is to have a situation 
come up so that out of that negotiation process, out of the process we go 
through to try to give information to the people who are truly expressing 
concerns, is to have this mistrust. A mediator needs first of all to be 
someone who is willing to really see what the local situation is, what the 
true concerns are, and then to respond to it in a way that that particular 
group or that particular neighborhood can understand. It should be put on the 
level that doesn't take a PhD to understand what's written or doesn't take a 
1 awyer to interpret it. It needs to be put into that kind of framework and I 
think the selection of the person you're having to do this is extremely 
important. 
Dr. Peter Adler: John Whalen, a comment? 
Mr. John Whalen: I'd like to add something. I think one is that 
neighborhood boards and other community organizations are voluntary 
organizations and not only is it a matter of having the material in 
understandable form but there's so much material that goes to each of the 
neighborhood boards it is difficult even if you're able to understand it, to 
absorb it all. One of the things that I feel public notices help to do is to 
sort out at least what is percolating and maybe to identify the kinds of 
things you really want to know more about. I don't think that anything can 
really substitute for a meeting with people who are proposing projects in the 
area and having a question and answer period. We encourage all applicants 
where we think there may be some major issues to approach the community 
organization or neighborhood board and make a presentation and be avail ab 1 e 
for questions and answers. I think that's a much more effective way than 
trying to read all the material that comes through. 
Mr; Kenneth·Kupchak: On the same point, I had written an article in 
the Haw a i 1 Arch1 teet magazine a number of years ago on the "Ro 1 e of 
Neighborhood Boards in the Planning Process," and I went through a lot of 
these steps which you may 1 ike to take a 1 oak at. In the Windward side we 
also had the benefit of having something called the Windward Regional Council, 
which is a non-profit corporation. It was set up and it hi red a p 1 anner who 
was available to answer questions and educate the community leaders. When the 
neighborhood boards came on line, we closed down the Windward Regional Council 
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in hopes that at some point the neighborhood boards would be given some sort 
of planning staff, not to make decisions for them but to educate them. That 
part of the process has never come on line to my satisfaction. I know during 
the Development Plan process the city put a lot of effort in educating the 
neighborhood boards but after those people left, the new group that was coming 
on didn't have the education. I think we need to have some sort of planner 
available to the community groups to educate them. 
Mr.· David Matteson: I appreciate your point about the neighborhood 
boards' pos1t1on in trying to disseminate information and collect 
information. The neighborhood boards, at least on Oahu, have really become 
the interface between government and communities and in many cases between 
developers and communities. In the Development Plan process, in the amendment 
process, and even in the permitting process, there are numerous opportunities 
where there are requirements for an exchange of ide as or at least "public 
input." I want to stress, negotiation is not something you apply at all 
points along the development of an idea from the concept all the way to the 
final finished project. But there are facilitative behaviors, if you will, 
techniques that a mediator uses to facilitate improved communication that 
neighborhood boards could use. There are better ways to run meetings than the 
"you've got three minutes to say your piece" public hearing approach. There 
are better ways to make people feel that they've been heard. I think Ken 
raised that point earlier. Sometimes people get involved in a dispute simply 
because they didn't feel heard. So I think there are a number of things that 
we could do to improve the existing system, to allow the communications to be 
more effective as well as, perhaps, put in mediation in a place where the 
dispute is right. David, I know you've had some experience with sitting 
outside permitting offices in Massachusetts looking for work, but perhaps you 
could comment on this. 
Mr.· David O'Connor: One place that we could put a mediation clause 
would be oetween the 1ssuance of a permit, perhaps between the issuance of the 
permit and the Zoning Board of Appeals or before the contested case hearing. 
This has been suggested to the Legislature. 
Panel· Member: I would like to concur with much of what is being 
said. I think there is no substitute for opportunities for developers and 
communities to talk informally with each other before they get into the formal 
process. There is so much about the formal process that is geared to provide 
a solid case in the event there is future litigation. The influence of that 
potential prospect reverberates throughout the whole formal system so that 
anything that can be done to provide for informal discussions without a. 
mediator and over coffee and in any fashion is going to do a great deal to 
he 1 p. Secondly, I think there is, as Dr. Knox suggested, some really creative 
thought that can be given to the way formal proceedings, administrative and 
others, can be expanded or adjusted to include opportunities for settlement 
conferences, early discussions, and meetings between parties to discuss things 
before they get highly formalized. I think there is great opportunity for 
this kind of thing and very little yet done. In many ways the whole mediation 
movement may be a response to an over-developed formalism in our 
decision-making process and I think ultimately it is the process itself that 
has to be adjusted, modified and expanded to offer more informal exchange. It 
really is go1ng to be the answer to a lot of these problems. 
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Dr. Peter ·Adler: So you are saying then that mediation or 
negotiation or structured forms of negotiation ought to be mandated? We ought 
to look for areas in the government processing where these things should be 
mandatory? 
Panel Member: I think "mandatory" is the wrong way to think about 
it because 1t seems to me it ignores the truism that has been emerging that 
each dispute requires a certain degree of tailoring of the discussions and the 
process that it uses. So I think that making any particular thing mandatory 
runs the risk of becoming as formalized and almost legalistic as some of the 
systems we now have. Creating opportunities where people of good will can 
have a discussion that they might find awkward to initiate themselves on a 
voluntary basis, would be a vast improvement over what we now have and a great 
help. 
Mr, Kenneth Kupd1ak: I want to bring to your attention a situation 
with geotherma 1 and the 1 ack of any organized method of de a 1 ing with our 
disputes there. Several times during the process, I had requested settlement 
conferences. It was something I was familiar with in the court system, 
Judge Pence happens to be one of the past masters in settlement conference 
work. But the Land Board felt that it was not empowered to conduct such 
conferences; therefore, it was left to the developer and our clients to try to 
find their own way. As early as last spring, (Peter is well aware of this) I 
was p 1 ead ing for an opportunity to sit down at the tab 1 e, any tab 1 e, any 
shape, with the people on the other side of the dispute so we could share our 
mutual interest and see if it could be resolved. We went five or six months 
without anybody even meeting. Finally, contested case hearings were coming up 
this fall and about three weeks ahead of time we got together. We almost 
solved it. We solved every piece of it except for one issue. My own feeling 
is, had we started earlier we'd probably would have solved all of our disputes 
on the geothermal issue. Because we were unable to resolve that one issue, we 
had to start preparing for the next contested case hearings which diverted our 
attention from reso 1 uti on to advocacy. Now that we're starting into another 
round of those kinds of things it looks to me as if the end result is going to 
come out very close to where Campbell and ourselves were in September around 
the table. But we had no formal procedure. We could not involve the 
landlord. They didn't want to take the position that Judge Pence would take, 
where he sits everybody down ... he takes one out, brings another back in and 
hoomalimali and lomilomi and whatever else you want to do ... we needed that. I 
think we could have resolved it two years ago, perhaps, had we had some 
mechanism to do that. 
Dr, Peter Adler: Yes, a question here? 
Corrment: What form of negotiation would be most pract i cab 1 e where 
there is obv1ous collusion between government and the developer of a project? 
a sense 
condone 
Dr,· Peter Adler: Does someone wants to respond to that? 
Pane 1 · Member: 
the quesb on is 
collusion. The 
I have to be careful in my answer to this because in 
framed in such a way as to invite the respondent to 
question was "What type of negotiation would be 
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advisable in a situation where there is some degree of collusion between 
government and the proponent of a project?" 
Let me come at that in another way, which is to say I think it's 
absolutely essential for anyone in that situation faced with what they 
perceive and even if at this point it's only a perception, it's an 
allegation. We don't know for sure that there's something like that going 
on. It would be very important for anyone who would consider negotiation in 
that situation to insist that the first round of negotiations be on the 
process itself rather than on any substantive issue; that is, it would be a 
mistake to go immediately to the particulars of the issue of the case involved 
without first raising questions about the authorization, the representation, 
the coalitions that are going to be involved and in effect raise that up for 
discussion, examination and negotiation first. 
Dr, Peter Adler: Question here. 
Speaker from the Audience: Yes, my name is Brian Takeda. I'm at 
the Department of Urban and Reg1onal Planning at the University of Hawaii. My 
question is addressed to a specific instance where negotiation is or is not 
appropriate. Spec i fica lly in H-Power, for those of you who have worked with 
that, why did you feel that H-Power was not amenable to negotiation techniques? 
Dr, Peter Adler: Mr. St. John, do you want to address that? 
Mr, George St·. John: I think you're referring to my remark earlier 
that perhaps it wasn't something that could be negotiated. My understanding 
of the community's position was that none of the proposals that were put forth 
to modify the plan was acceptable, that the simple location of the plant in 
any form whatsoever in that community was unacceptable. My perception of 
their position was, it was not negotiable. Finally, I took them at their 
word. So in that case I believe it was an issue that was described earlier; 
it was not something that you could modify. You couldn't paint it blue or 
paint it green. There was no room for compromise. In the process of trying 
to locate the facility in Waipahu, several modifications to the plant were put 
forward. In one, the power plant and the processing facility were located 
separately. In another, modifications were made in the routing. Those types 
of proposals were put forward. But I do be 1 i eve there is a situation where a 
legitimate difference of opinion as to what should or shouldn't be, can arise 
and the plant is either going to exist or it's not. And in that case, I 
believe these people genuinely believed that that it was just the wrong 
1 ocat ion for a facility of that type in any form. We were quite wi 11 i ng to 
negotiate and modify but I don't believe there was any modification that thE, 
citizens in this case were willing to accept. 
Dr. Peter Ml~r: Thank you. Dr. Matteson, I noticed that you were 
shaking your head at the same time and I wondered if you had any comments? 
Mr, David Matt~on: No, I was going to ask a question on the 
H-Power one. What would have happened if really early in the process you had 
begun a kind of joint fact finding with Waipahu Community Association and 
other representatives in that area, whereby it wasn't you who would be coming 
in and saying that there would be fewer trucks in the area, but that jointly 
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you had together discovered that there wou 1 d be fewer trucks coming into 
Waipahu with H-Power. That is an example. What would have happened if two or 
three years before Waipahu was announced as the site, if there been that kind 
of joint exploration of the consequences and impacts of H-Power? 
Mr. Geurge St; John: Well, I still believe in the tooth fairy, so 
perhaps it would've worked. The facts in this case were that the project was 
put out to bid by the City and County of Honolulu. Each of the proposers was 
free to suggest the site at which his proposal would be located. In fact, we 
bid both Campbell Industria 1 Park and Waipahu and I be 1 ieve there was a 1 so 
another bid located at the site of the existing incinerator. So in this 
particular case, the site was located primarily although not exclusively on 
economic considerations . The site's actual location was not known until 
after the bids were in because of the necessary purchasing procedures. That 
is, perhaps, an unfortunate set of circumstances, but the City is required to 
go through a purchasing procedure. In that case, I think the City was wise in 
trying not to pre-engineer the fac i 1 ity because they recognized they 1 acked 
the expertise. This purchasing procedure is not unusual; it is used in many 
cases where a very complex system is being purchased. But I believe your 
point is well taken in that if the people in all three communities, were 
polled and they discovered that yes, overall it would be an improvement, that 
the technique might have worked. Certainly the one that was employed was not 
successful. So there's always a better way to do things and I think this is 
where this new profession comes in, although I don't want to substitute 
media tors for attorneys. I tend to agree with Mr. Kono, though, in thinking 
that the legal profession does have to examine their own house to a certain 
extent and I don't advocate that we substitute one additional step for 
another. But perhaps doing something like this in advance is the way to do 
it. I certainly don't want to sound negative, but am trying to be realistic. 
I don't think three years prior to the controversy, anyone was sure that 
H-Power would ever become a reality; the legislation permitting it wasn't in 
place. But, nevertheless, I believe that you can do more. In fact one of the 
very first things I put down in the notes I was taking today is, "more 
information sooner." I think that is the message that I learned and I think 
perhaps the involvement of more professionalism and more professionals being 
involved would have helped. 
Dr. Peter Adler: We have time for two last, very fast comments. 
I'm going to let Mr. Kono go first and then David Matteson. 
Mr,· Hideto· Kono: We've been talking about past conflicts. I'd like 
to bring 1t home to my commission, the Public Utilities Commission, and 
discuss what is anticipated for a conflict in the future. Especially since I 
have your energy experts and energy people here. As you know, the State has a 
policy of promoting alternate energy. Right now any producer of electricity 
would be given the avoided cost pricing. But often, especially as the oil 
prices are going down, the new facility that uses natural energy may not be 
economically justified. We know very well that down the line, maybe in 1990, 
maybe in the year 2000 or beyond, oil prices are likely to go up. So at this 
moment where facilities like the H-Power which will be generating 50 megawatts 
of power are concerned, the question is would the community be willing to pay 
a slightly higher electricity cost right now so that we will have the plant in 
place when we need a producing unit that will not use expensive Middle East 
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and other oil? For example, if the avoided cost now is 6-l/2 cents and there 
is a request for 7 cents, that means half a cent increase per kilowatt. A 
family using 600 kilowatts a month will be paying $3.00 more and in a year 
that amounts to $36.00. The question is, will members of the community and 
their leaders be coming forward to say "Why should we pay $3.00 more a 
month?" Would we be able to have people understand the broad picture, the 
need for each one of us sacrifice slightly now so that down the line we and 
our children or grandchildren will have the facility there, to not have to pay 
for expensive electricity? I don't know how it's going to turn out. But I'd 
like to see a resolution of this with the acceptance of a community. Where 
the mediators come in, I'm not so sure. But if we make a decision which is 
not to the liking of the minority or a dissenting group, it will go to court 
and it will take years and years for reso 1 uti on. Meanwhile, the p 1 ant just 
sits there or will never have a chance to materia 1 i ze. I just want to pose 
this as one of the future problems that we face. 
Dr. Peter Adler: David, last comment. 
Mr. David Matteson: I had the feeling part of the comment was 
directed at me. I'll make 1t short and just highlight two reasons why I think 
the H-Power thing would have had difficulty being mediated. By the time it 
became a real major public issue, people were so entrenched, as you were 
saying, that it was non-negotiable. Partly because a consistent pattern for 
decision-making in our community is "Let's make sure it's economically viable 
first, then choose the site based on economics and then let's ask the 
community how they fee 1 about that." Those do not have to happen in a 1 i near 
fashion but because bids went out for several sites, the site was selected for 
economic reasons and then we went to the community. Those two events could 
have happened simultaneously. There is a siting law in Massachusetts which 
says that communities can participate in site selection on their own basis and 
that their input can be put into the economic decision. But I think the 
moment the City said, "We are picking Waipahu as the site. How do you feel 
about that?" people were automatically put on the defensive. My other point 
would be that I think it's difficult to have an open, honest, unconfused, 
uncluttered conversation in an election year. 
Or. Peter Adler: My job right now is to bring this to a close and 
get all of us to lunch. There's a saying from Ambrose Bierce in The Devil's 
Dictionary which was written in the 1850's. He said that litigat1on 1s a 
machine in which you go in as a pig and you come out as a sausage. I asked a 
law clerk in Professor Barkai 's law class the other day about what might the 
goals be of the alternative dispute resolution. One of the students said the 
goal is for the pig to go in and come out as a pig. So with that, why don't 
we adjourn ... we' 11 take ten minutes and then have some lunch and then 1 i sten 
to Chief Justice Lum. Thank you. 
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THE DISCIPLINE OF CONFLICT RESOLUTION 
The Honorable Herman T.F. Lum 
Chief Justice 
State of Hawaii 
Let me begin by congratulating and thanking you for your interest in 
exam1n1ng the discipline of conflict resolution. I feel strongly that this is 
an idea whose time has come. Indeed the time has never been more ripe, more 
appropriate for looking for new ways to approach the age-old problem of 
settling disputes to the satisfaction of all concerned parties. That itself 
is a critical concept: the satisfaction of all parties. We all know that the 
resolution of disputes does not always lead to satisfaction for everyone 
involved. 
It is clear that methods of conflict resolution, in their many 
forms, fall into two categories: adversarial and consensual. The adversarial 
path seldom yields satisfaction when the parties have literally fought it out 
to the end result of one winner and one 1 oser, or, one winner and sever a 1 
losers, when there happen to be more than two parties involved. The 
consensual path, on the other hand, leads to the potential satisfaction of all 
the parties, especially because this method encourages the search for as many 
"winners" as possible. 
Let me give you examples of these two scenarios. The first is the 
typical adversarial resolution, which may or may not bring about satisfactory 
results. 
McBryde v; · Robinson -- the so-called water rights case -- has 
1 anguished in our courts for nearly 25 years, fore ing one of the 1 awyers to 
quip: "I 1 ve spent a 1 ifet i me on that case." After 25 years, the case has not 
become final because it now is pending before the U.S. Supreme Court. Even 
after its legal finality, the proposed water code, if enacted, will result in 
other litigation. 
After eight years, the Ninth Circuit put a stop to H-3. The result 
may have been satisfactory to the opponents but hardly satisfactory to the 
government in view of the enormous economic and other costs. 
Nuko 1 i 1 i is another ex amp 1 e. It took six years to wind its way 
through the courts and eventually to a conclusion. 
Hui Alaloa · v. ·Planning Commission has again made news. Those 
opposing the construcbon of a new hate I on Molokai have filed yet another 
appeal, after the Hawaii Supreme Court had sent the case back to the Planning 
Commission for a rehearing. The first litigation took all of five years. In 
other land use permit cases we have heard, the time frame to bring litigation 
to a final decision by the Supreme Court has generally run between four and 
five years. 
Now consider the other scenario. Under Supreme Court rule, the 
court may order a prehearing conference before argument. 
-44-
In one case, involving construction of a waste disposal plant, I 
acted on behalf of the court as the presiding justice. During the conference, 
I learned that people in the subdivision below the plant were concerned about 
their own safety, and the safety of their water table, in case of leakage. 
The parties were distrustful of each other and had little communication. I 
sat as mediator and "forced" the exchange of information, which eventually 
resulted in a satisfactory settlement to all parties. 
In one scenario, you had waste in terms of time, energy and economic 
resource. In the other, you avoided such waste, although admittedly 
settlement could have been reached at a far earlier date, but purportedly 
satisfaction was reached by all sides. 
I have a special interest in the study of conflict resolution, not 
simply because I am administratively in charge of the primary institution of 
conflict resolution in the State but because the courts and those who interact 
with them have a tremendous stake in the exploration of alternatives to 
litigation for the resolution of disputes. 
Today, the courts are flooded with civil litigation, and more and 
more the courts themselves complain of being unprepared and inadequate to deal 
with such an unmanageable workload. Even if nothing can be done to solve the 
peculiarly American problem of increasing contentiousness, then at least 
alternatives can be sought to handle this situation of reliance upon the 
courts for resolving disputes. At the same time, resolution of disputes must 
be geared toward the satisfaction of all participating parties. I believe 
that this goal has lost some potency as the litigation explosion has gained 
strength. 
In recent times our society has come to believe that lawyers, like 
doctors, are professionals whom we can trust to "make everything right" for 
us. Consequently, litigation is seen as a "cure-all" for many social 
problems. Let me repeat: I believe that the future of dispute resolution 
lies with finding and implementing alternative forums to help resolve some of 
the disputes we are now dealing with 1n the courts, as well as some that have 
not yet been invented. And I do believe we are well on our way to finding 
those alternatives and institutionalizing them. 
This morning you have discussed disputes and various pathways to 
resolution. Recently, the Judiciary has also been working to find 
a 1 tern at i ves to 1 it i gat ion that will result in greater efficiency within the 
courts and greater satisfaction for the disputants. Let me briefly outline 
some of the efforts to develop and implement these alternatives within the 
Hawaii Judicial System. 
Case backlog and trial delay are twin monsters that have plagued the 
Hawaii Judiciary for several years. Indeed, they are probably the most 
significant problems faced by our judicial system. Over the past three years 
it has been my number one priority to cut into backlog and delay, allowing the 
court calendars to become current, hence more efficient. One of the methods 
we have used to achieve this is a master calendaring system, employed by the 
First Circuit Court. The First Circuit encompasses metropolitan Honolulu and 
bears about 80 percent of the State's caseload. The system is intended to cut 
into our backlog, reducing the time lapsed between filing and disposition. 
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Master calendaring is managed by two administrative judges, Judges 
Chun and Chang, who respectively head the Civil and Criminal Divisions. 
Instead of controlling their own individual calendars -- a system which in the 
past sometimes resulted in unavoidable delays -- trial judges now report the 
completion of each case to the administrative judge; the administrative judge 
then immediately assigns a new case for hearing, and no time is lost. 
Additionally, the calendar has been augmented by other available resources, 
such as simplified forms and other streamlined case management procedures. 
It is important to keep in mind that these efforts are the direct 
result of what I believe is an unnecessarily heavy caseload. Total case 
filings in Hawaii today stand at a figure in excess of 60,000. It is also a 
fact that fully 90 percent of the civil cases filed are settled before they 
ever go to trial. If this is so, why not make every effort to keep them from 
getting on a track that will lead to their cluttering up the docket at all? 
This is why I think it is so important to involve the courts in Alternative 
Dispute Resolution (ADR) which is what we have endeavored to do. 
Over the past four years, the Judiciary has supported ADR by 
encouraging development of neighborhood mediation centers and by pioneering 
the use of mediators for many types of family disputes. In February of last 
year, I committed the Judiciary to a far stronger role in this area by 
establishing a Judiciary Program on Alternative Dispute Resolution. With 
grant support from the National Institute for Dispute Resolution (NIDR), 
Hawaii became one of five States in the country to launch a more comprehensive 
and State-level coordinating initiative aimed at broadening the acceptance of 
mediation and arbitration. Our program, which will continue into the next 
year, has three general objectives: 
(1) To gather and disseminate up-to-date information on alternative 
dispute resolution methods; 
(2) To explore, test and evaluate new uses for mediation and 
arbitration; and 
(3) To help institutionalize the use of these methods in the 
courthouse, in our corporations, and in the community at large. 
Additionally, the Judiciary has introduced or intends to introduce 
other projects in the field of ADR which will have some potentially 
far-reaching effects. The first of these projects -- in fact, officially 
launched just last week -- is a "court arbitration" program that will require 
parties in certain types of civil cases to use arbitrators. Briefly stated, 
this effort will involve four important features: 
An early and mandatory arbitration for certain types of civil 
cases below a particular dollar threshold; 
The use of experienced and skilled attorneys as court-appointed 
arbitrators; 
The right of either side to appeal an award and receive a trial 
De Novo; and 
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-- Certain disincentives that the court may ilr!Jose for not doing 
better than the arbitration award at trial. 
Sixteen State and Federal jurisdictions are currently experimenting 
or using this type of arbitration; Hawaii is the seventeenth. Hawaii may well 
become the first jurisdiction in the country to use such a process on a 
statewide basis. The basic purpose of this program, of course, is to provide 
a fair, just and satisfying procedure that expedites lower value cases to 
earlier resolution. To accomplish this, over 250 arbitrators have been 
appointed to arbitrate personal injury cases with a probable award value of 
$50,000 or less. Very quickly we expect to expand arbitration to many other 
types of civil matters. 
The Judiciary also plans to establish a set of suggested standards 
and guidelines for persons serving as mediators in the State of Hawaii. Also, 
there is yet another application of ADR that will be taking place at the 
courts in the near future. The Judiciary's program on ADR has been conducting 
background research on the civil settlement process in Hawaii. Since 
negotiated settlement is a common phenomenon, and comparatively few cases 
actually go to trial, judges often play an important mediative role in 
settlement conferences routinely scheduled a month before trial. To enhance 
this activity, I will be establishing a training course on "Judicial 
Mediation" to be offered to Hawaii's civil judges this spring. 
All of these projects are geared toward a concept which has been 
referred to as the "multi-door courthouse." This concept stems from an 
understanding that parties to disputes can no 1 anger be forced, by 1 awyers or 
judges, to solve those disputes using only the traditional method of 
adjudication. People and institutions involved in disputes want and need 
alternatives that allow them the optimal advantages and benefits in 
resolution. In short, because a "win-win strategy" of negotiation is believed 
to be more beneficial to all disputing parties than the "win-lose" strategy of 
adjudication, attorneys and the courts must learn to become less adversarial 
in their work, and more consensual. This carries over, I believe, to social 
disputes of many kinds, including environmental, land use and energy siting, 
which you have discussed today. All of you are aware of just how important 
these matters truly are. Often they involve major value choices that we must 
make now and that will unquestionably affect future, yet-to-be-born 
generations. Sometimes the outcomes of these disputes are irrevocable. It is 
hard to "unbuild" a building once it has been built. Once an endangered 
species is gone, we cannot recreate it. 
Let me say that the court is not always in the best position to 
solve these problems. In general, the problem stems from ambiguities in the 
statutes, ambiguities purportedly caused because (l) the policy makers 
purposely created such ambiguities, generally stemming from their refusal to 
make hard political decisions; (2) the inherent ambiguous nature of the 
English language, hence the inability to state precisely what is intended; and 
(3) of lacunae, where the statutes fail to address the problem in question. 
There is a vacuum in the statute. The problem is not covered by statute since 
it is difficult to foresee all of the problems. 
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Ambiguities force the courts to interpret the statute -- to 
determine the intent of the pol icy makers -- and, quite frankly, the courts 
are generally not in the best position to make policy decisions, as are often 
required. It is simply because the courts lack sufficient information to do 
so, which is the result of their inabi 1 ity to conduct public hearings to 
gather the facts. The result can lead to what 1 awyers 1 abel as "bad case 
makes bad 1 aws." 
Obviously, no single dispute resolution agency in our society is 
capable of settling all such matters all the time. Disputes over developments 
like the H-3 Freeway, Nukoli'i or geothermal energy on the Big Island involve 
important social issues. We have all witnessed how the opposing sides in 
these disputes -- and sometimes there are many more than two of them -- have 
pressed their issues in different arenas simultaneously. Thus, we often see 
energy and 1 and use conflicts "c i rcu 1 at ing" through the courts, through the 
Legislature and through administrative agencies simultaneously, defying the 
ability of any one agency to resolve them. 
American society in general -- and our Island society in particular 
-- must find better ways of tackling these issues. Perhaps the challenge now 
is to begin thinking together and to try to invent new methods that save time, 
save money and that allow all of us a chance to win. Regardless of which side 
we might represent in a given 1 and use or energy dispute, I suspect we all 
share a belief that the adversarial decision-making mechanisms now available 
to us are an insufficient set of options for conflict resolution. Perhaps we 
also need to re-think our more fundamental ideas about what public pol icy and 
facility-siting conflicts are all about. Conflicts, after all, can create 
opportunities for individuals and groups to come together and clarify their 
goals and values. Conflicts offer us opportunities to educate each other 
about what is important for the future. Conflicts also present opportunities 
for dialogue, for discussion, for negotiation and for cooperative problem 
solving. 
Let me end by reiterating what I think has been one of this 
morning's major themes. We need to find better ways of disagreeing with each 
other; that is, to find methods of conflict resolution that don't increase the 
social and economic costs already implicit in the disagreements themselves. 
We must continue to develop and test the use of mediation and arbitration as 
alternatives to adjudication. 
The Hawaii Judiciary is committed to this challenge and commends the 
efforts that all of you are making in the area. I encourage you to think 
together on these matters, to be inventive, and to begin the task at hand: 
finding better ways of handling differences of opinion. I believe that 
Hawaii's future may very well depend on the success of your leadership. 
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REGISTRATION liST 
SEMINAR ON CONFLICT RESOLUTION FOR ENERGY SITING AND LAND USE 
Sheraton-Waikiki Hotel, Honolulu, Hawaii February 18, 1986 
STATE GOVERNMENT 
ARAKAWA, Milton, Hawaii Community Development Authority, OPED 
BARLOW, Robert, Energy Division, OPED 
BECK, Andrea, Energy Extension Services Office, OPED 
CHANG, Diana, Legislative Auditor's Office 
CHING, Anthony, Planning Division, OPED 
CHRISTENSEN, Carl, Legislative Aide, Rep. Bill Pfeil 
EDMUNDS, Sallie, Dept. of Urban & Regional Planning, University of Hawaii 
FUJIMOTO, Howard, Planning Division, OPED 
FUJIMOTO, Tatsuo, Land Use Division, OPED 
HARRIS, Alfred, Consultant, OPED 
HEE, Robert, Planning Division, OPED 
HENRY, Edward, Planning Division, OPED 
HIGGINS, E. Chipman, HNEI, University of Hawaii 
KADOOKA, Kim, Planning Division, OPED 
KAMAL!'!, Kina'u, State Representative 
KANE, Bartholomew, State Librarian 
KAWAKAMI, Richard, Energy Division, OPED 
KIM, Vickie, Information Office, OPED 
KUBACKI, Joseph, Energy Division, OPED 
LAPILIO, Joseph, Administrative Assistant, Governor's Office 
LEONARD, Jaime, Energy Division, OPED 
LESPERANCE, Gerald, Energy Division, OPED 
LIM, Michael, Planning Division, OPED 
MARCUS, Edgar, Planning Division, OPED 
MATSUURA, Richard, State Senator 
MERCE, Marian, Legislative Auditor's Office 
MERRIAM, Robert, Forestry Division, Dept. of Land & Natural Resources 
MOREAU, James, Energy Division, OPED 
NISHIDA, Jean, Land Use Division, OPED 
NISHIMOTO, Melvin, Hawaii Community Development Authority, OPED 
O'BRIEN, Thomas, Energy Division, OPED 
PEREZ, Albert, Dept. of Urban & Regional Planning, University of Hawaii 
ROGOFF, Edward, Planning & Management Division, Dept. of Budget & Finance 
ROSEHILL, Linda, Deputy Director, OPED 
SAGATIS, Lois, Energy Division, OPED 
SAKAMOTO, Roy, Office of Environmental Quality Control, Dept. of Health 
SHON, Carilyn, Energy Division, OPED 
SOARES, Buddy, State Senator 
TAKAHASHI, Karen, Program on Alternate Dispute Resolution, The Judiciary 
TAKEDA, Brian, Dept. of Urban & Regional Planning, University of Hawaii 
TASAKA, Craig, Planning Division, OPED 
TOM, Clayton, Student, University of Hawaii 
TOYAMA, Susan, Planning & Management Division, Department of Budget & Finance 
WOODRUFF, James, Hawaii Natural Energy Institute, University of Hawaii 
ZAIGER, Maia, Energy Division, OPED 
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FEDERAL GOVERNMENT 
HARRISON, John, National Marine Fisheries Service, NOAA 
SHUPE, John, U.S. Dept. of Energy, Pacific Site Office 
COUNTY GOVERNMENT 
BLANCHARD, William, Economic Development Department, County of Kauai 
BLYTH, Cheryl, Hawaii County Council 
BORNHORST, Marilyn, City and County of Honolulu Council 
EVANS, Mary Alice, Honolulu Planning Commission, City and County of Honolulu 
KOKUBUN, Russell, Hawaii County Council 
MELTON, Richard, City and County of Honolulu, Council Staff 
NISHIMURA, Brian, Planning Department, County of Hawaii 
PIIANAIA, !lima, Planning Department, County of Hawaii 
SOBIN, Judy, City and County of Honolulu, Council Staff 
PRIVATE INDUSTRY 
BEATON, William, TRB Hawaii 
BONNET, William, HDWC Program Manager, Hawaiian Electric Company 
DAMRON, Ted, Hawaiian Electric Company 
DANGLER, Diane & Tim, Dynasoar, Inc. 
ERICKSON, Jackie, Hawaiian Electric Company 
GRING, Pam, Belt, Collins & Associates 
HARRISON, Craig, Goodsill, Anderson, Quinn & Stifell 
JOHNSTON, Wallace, Hawaiian Electric Company 
KEALA, Samuel, Estate of James Campbell 
KRASNICK, George, Parsons Hawaii 
LEE, Howard, Gasca, Inc. 
LOPEZ, Louis, Hawaiian Dredging and Construction Company 
MANSUR, Juliane, Parsons Hawaii 
McHALE, Frank, Hawaiian Dredging and Construction Company 
MUNGER, Brenner, Hawaiian Electric Company 
PATTERSON, Ralph, Thermal Power Company 
PECK, James, Hawaiian Electric Company 
POLOSKY, Dennis, Citizens Utilities Company, Kauai Electric Division 
YOUNG, Peter, Real Estate Works Hawaii, Kailua-Kana 
PUBLIC 
AMERDING, L., Western Temporary Services, Inc. 
BARKAI, John, Student, Law School, University of Hawaii 
CHANG, Leland, Neighborhood Justice Center 
CHAPMAN, Gordon, Consultant 
CHILDERS, Robert, Student 
CLINE, Roger, Building Dept., Sioux Falls, South Dakota 
DASIELL, Gene 
DAVENPORT, Joan, League of Women Voters 
DINELL, Christi, Office for Catholic Social Ministry 
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PUBliC (Continued) 
DUDAK, Terry, Protection and Advocacy Agency 
FREITAS, Bob, Office of Hawaiian Affairs 
GASPAR, Margaret 
GODFREY, Douglas 
HALPERN, Gilbert, Attorney 
HERTLEIN, Clara 
HOOKANO, Kaleo, 1000 Friends of Kauai 
IMUA, Kale, 1000 Friends of Kauai 
KAUPU, David, Chaplain's Office, Kamehameha Schools 
KELIIPULEOLE, Sydney, Kamehameha Schools 
LOPEZ, Lehua 
MELLER, Christina 
MILLER, Rhoda, League of Women Voters 
MUNECHIKA, Maurice, Grove Farm, Inc. 
REDDEN, Peter, Dynasoar, Inc. 
SCHOTZ, Adeline 
SMYSER, Adam, Honolulu Star-Bulletin 
VINCENT, Kimo, Kamehameha Schools 
WINTERS, William, Ala Moana/Kakaako, Neighborhood Board 
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a. The proposed area tor designation as a 
geothermal resource subzone is aelineated on State Exhibits 
2, pp. 5, 31, 34, 35 and 37, ana Exhibit 4 ana consists or 
approximately 11,745 acres ana is locatea in the area known 
as the Wao Kele 'O Puna Natural Area Reserve and the Puna 
Forest Reserve. 
1.3 JurJ.saictJ.on of the Boara ot Lana ana Natural Resources 
a. Act 296, SLH 1983 aesignatea the Boara of Land 
and Natural Resources (BLNR) with the responsiolity ror 
designating geothermal resource subzones 1n the State of 
Hawaii. The procedural structure ot Act 296 establishes 
tnat the designation of geothermal resource subzones would 
oe the first step ot a two-step process. The secona step ot 
the process would be the actual approval of a specific 
project at a specific site within a designated geothermal 
re&ource subzone. 
b. Additionally, the proposed subzone of 
approx1mately 11,745 acres in Puna, Hawaii, falls within the 
limited (P) subzone, over which the BLNR has exclusive 
Jurisdiction. 
c.. The contested case nearing conducted oy the 
BLNR to consider the designation of approximately 11,745 
acres of the M1ddle East Rift Zone as a geothermal resource 
suozone is not requirea by Act 296 but was conducted by tne 
BLNR pursuant to 1ts discretionary authority tor purposes of 
gathering additional information to assist tne Board in the 
subzone des1gnation process. The Hawaii State Legislature, 
in pass1ng upon the tinal wording of Act 196, expressly 
proviaed that the BLNR would conduct the subzone designation 
analysis and then recommend areas it considerd as 
appropriate geothermal resource subzones to the public 
tnrough the public hearing process to obtain tne public's 
views ot the Boara's proposal. See Section 205-5.1(0), 
5.2(c) (d), HRS. 
a. A definite and uncontrovertable indication ot 
tne legisla t 1ve intent that the subzone aesi gna tion process 
is a rule-making proceeding is Conference Committee Report 
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Number 56, dated A1Jril 19, 1983, which accompanied Senate 
B~ll Number 903, Senate Dratt l, House Drait 2, Conference 
Dratt l. Senate B~ll 903 ultimately became Act 296 after 
passage by the Legi slat ur e. The Conference Committee Report 
on page 1, last paragrapn reads: 
It is your Committee's intention that the Land 
Boara designate subzones pursuant to ~ts rule-
.making proceaures ana thereafter all geothermal 
act~vi ties within the subzones shall be governea by 
all currently appJ.icable statutes, including 
cnapter 183, 205A, 226 and 343. 
(Empnasis adaed). 
CHRONOLOGY - FINDINGS OF FAC.'T ON PROCEOORAL HISTORY: 
l. On March 2, 1982, the Estate of James Campbell 
("Campbell") tilea witn the BLNR, a Conservation District 
Use Application (CDUA) to develop geothermal resources at 
Kanaual e' a, Hawai~. 
2. On May 6, 1982, Campbell tiled with the BLNR 
ana the Env~ronmental Quality Commission a Draft Environ-
mental Impact Statement ~n support ot its COOA. 
3. On Ma;:r 20, 1982, the BLNR announced that the 
CllJA would be conducted as a contested case nearing. 
4. On October 25 tnrough 29, 1982, November 15 
through 19, 1982, and December 7, through 10, 1982, the BLNR 
conducted quas~-judicial "contested case" proceedings 
regarding the CDUA pursuant to the Hawaii Administrative 
Procedure Act, Chapter 91, HRS, and the BLNR' s Rules of 
-3-
Pract1 ce and Procectur e. The Volcano Community Association 
(''VCA") was a party to said proceeding. 
5 . The B L N R by 1 t s F i n dings of Fact and 
Conclusions Or Law and Decision and Order dated February 25, 
1982, granted Campbell specific exploration rights on the 
subJect parcel under COOA No. HA 3/2/82-1463. 
6. Subsequent to the rendering of the Decision 
referenced above, the Hawaii State Legislature passed Act 
-
296, SLH 198, delegating the Board of Land and Natural 
Resourcea the responsibility for designating geothermal 
resource subz ones and selecting those areas that can best 
demonstrate an acceptable balance among the criteria set 
forth in said act. 
7. The aesignation of geothermal resource subzone 
areas would only be the first step of a two-step process. 
After the designation of a geothermal resource subzone, any 
person who wisned to build a geothermal project at a 
spec1t ic site would, as a second step, apply to the Board of 
Lana and Natural Resources or the appropriate county agency 
tor authority to develop a specific project at a specific 
site. Tnis second step would be conducted as a contested 
case 1f a r~uest tor such a hearing was made. 
8. Pursuant to Act 296, SLH 1983, the Chairperson 
of the BLNR assigned the task of recommending geothermal 
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z:esouz:ce subzone az:eas to the Division of Water and Land 
Development {D&ALD), State of Hawaii. 
9. DOWALD began work on the subzone process after 
June 14, 1983, when Governor George Ariyoshi signed Act 296, 
SLH 183 into law. 
10. A Plan Of Study was devised by DOWALD as an 
outline by which to assess the various potential areas in 
view of the criteria specified in Act 296. The principle 
elements of this strategy included a literature review of 
available information, and an assessment of the following 
factors: 
* Potential geothermal energy production 
* Use of geothermal energy in the area 
* Geologic Hazards 
* Social and Environmental Impacts 
* Compatability with present and planned use 
* Potential economic benefits 
* Compatability with conservation principles 
where a subzone falls within a conservation 
district 
11. The 1984 Legislature enacted Act 511, which 1n 
part gave first priority to the assessment of Kahauale'a as 
a geothermal resource subzone. The BLNR was required to act 
on said designation by December 31, 1984. 
12. Included in the designation process was a 
public information and participation effort to elicit 
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community concerns. Included in this process was a meeting 
neld on July 11, 1984, in tne Volcano Community on the Big 
Island. 
13. At that public nearing r9:!uests for a contested 
case hearing on the designation ot 5,300 acres of 
Kahauale'a, Puna, Hawaii, were made to the Land Board. 
14. Pursuant to these requests, the Boaro of Land 
and Natural Resources, unde_r their discretionary power, 
oec1ded to hold a contested case nearing, reserving the 
right to litigate at a later time, the issue of whether it 
was mandatory or not to hold a conte.stea case hearing for 
the aesignation ot geothermal resource subzones. 
15. On December 12, 13, 15, 16, 18, 19, the BLNR 
conducted quasl-Judicial "contested case" proceedings 
regarding tne designation of 5,300 acres ot Kahauale'a, 
Puna, Hawaii, as a geothermal resource subzone pursuant to 
the Hawai1 Administrative Procedure Act, Chapter 91, HRS, 
and the BLNR's Rules of Practice and Procedure. All inter-
vening parties were given the opportunity to present 
witnesses and eviaence, cross-examine witnesses and present 
rebuttal evidence. 
16. On December 28, 1984, the DLNR issued 1ts 
Decision and Order on tne Proposed Geothermal Resources 
Subzone at Kahauale'a, Hawaii. 
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17. In part, the Decision and Order stated that 
the State ot Hawaii rormally requested that "the Estate of 
James Campbell investigate and consider a land exchange 
involving State owned land in KHauea Middle East Rift Zone 
and Campbell Estate's lands at Kahauale'a (Excluding Tract 
22) " 
18. The Decision and Order also stated: "The Board 
of Land ana Natural Resources on its own motion hereby 
-
directs the Division of Water and Land Development (DOWALD) 
of the Department of Land and Natural Resources (DLNR) to 
1mmediately undertake and conduct an assessment of the 
Kllauea middle east rift zone in and adJacent to the 
Natural Area Reserve beginning on the western boundary or 
the Kamaili geothermal subzone as a potential geothermal 
r eso ur ce subzone. Although this area had not previously 
been evaluated due to its classification as a Natural Area 
Reserve, the Board now believes that the area should be 
reviewed. 
It (a) the assessment of the Kilauea middle east 
rift zone does not result in a designation as a geothermal 
resource subzone 1n this area; or (b) a land exchange 
between the State of Hawaii ana the Estate ot James Campbell 
is not consummated then the remainder of the 5300 acres 
proposed by DOWALD as a geothermal resource subzone in 
Kahauale'a heretofore not designated by this Decision and 
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Order snall be and 1s hereby ordered to be so designated as 
a geothermal resource subzone." 
19. Pursuant to the Decision and Order, DOWALD, on 
its own, neld tour (4) public information meetings. The 
oates and places of these meetings are listed below: 
Haren l3, 1985 
Marcn 14, 1985 
May 15, 1985 
May 16, 1985 
Keeau, Hawaii 
Pahala, Hawaii 
Pahoa, Hawaii 
Pahala, Hawaii 
20. The BLNR held a public nearing on September 
26, 1985, to eliclt community concerns. 
21. At tne last public hearing, requests for a 
contested case nearing on the designation of approximately 
11,745 acres at the Kilauea Middle East Rift Zone were made. 
22. On October 16, 1985, the BLNR announced that a 
contested case nearing would be held on November 13, 1985, 
concerning the designation of approximately 11,745 acres in 
and adjacent to wao Kele 'O Puna Natural Area Reserve and 
the Puna Forest Reserve. 
23. On Novemoer 1, 1985, a prehearing conference 
was held at the Da'i'ALD conference room in Honolulu, Hawaii. 
At tnat time, DOWALD, Mae Evelyn Mull, Karl and Melissa 
Kirkendall, Frederick Warshauer, Jonn L. Perriera, Susan 
Carey, Diane Ley, Volcano Community Association, Lehua 
Lopez, Eva Lee, Louis Whiteaker, Chiu, Leong, Virginia B. 
HacDonald, Debra Hopson, Ann Markham, Mike Markham, Beverly 
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l1acCallum, Matt Luera, Hawaii Audubon Society and Sierra 
Club, Hawa1i Chapter, were accepted as parties to the 
contested case, while the Estate of James campbell and the 
True/Mid-Pacific Geothermal Venture were admitted as 
intervenors. The intervention status of Pal iKapu Dedman and 
Emmet Aluli were still under consideration by the BLNR. 
24. On November 7, 1985, a second prehearing 
conference was held at the DOWALD conference room. At that 
time, the Estate of James campbell and· the True/Mid-Pacific· 
Venture continued its objection on the necessity of having a 
contested case hearing held tor the subzone designation 
process. The Motion was denied on the same grounds, with 
the understanding that this nearing was being held pursuant 
to the discretionary authority ot the Board w1th the further 
unaerstanding that the denial does not constitute a decision 
by the Board and that the contested case hearing is or is 
not r 9::! ui red. 
25. On November 13, 1985, Palikapu Dedman and 
Emmet Al ul i were granted intervenor stat us in the hearing. 
26. On November 13, 14, and 15, 1985, the BLNR 
conducted quasi-Judicial "contested case" proceedings 
regarding the designation of approximately 11,745 acres in 
the Kilauea Niddle East Rift zone, Island of Hawaii, as a 
geothermal resource subzone pursuant to the Hawaii 
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Administrative Procedures Act, Chapter 91, HRS, and the BLNR 
Rules ot Practice and Procedure. All par tie s and 
intervenors were given the opportunity to present witnesses 
and present rebuttal evidence. 
PROPOSED FINDINGS OF FACT ON REQUIREMENTS UNDER ACT 296 
A. Location and Size of Proposed Subzone 
A.l Location. 
l. Tne area, located between the western boundary 
of the Kamaili geothermal resource subzone and the eastern 
boundary of Kahauale'a, was exam~ned for resource potential 
and evaluations were made on geologic nazards, social, 
economic, and environmental impacts, and compatability of 
geothermal development. The potential geothermal resource 
area was evaluated on the basis of potential and real 
impacts which may occur within the ~dentified area and in 
consideration of statutory state energy obJectives and 
policies. 
Based on the assessment tactors above, the proposed 
Kilauea middle east rift GRS boundaries were determined as 
follows: 
Almost all of the land area contained in the 
proposed GRS is within the 90% probability area. 
GRS boundaries were determined by utilizing 
existing metes and bounds wnere possible, to 
clearly define subzone limits. 
The eastern boundary abuts the existing Kamaili 
GRS, straddling the 90% probability band and 
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forming a contiguous land use designation. The 
Board, in the Decision and Order had directed 
the Division to assess the Kilauea Middle EaAst 
Rift Zone beginning on the western boundary of 
the Kamail i GRS. 
The southern boundary closely parallels the 90% 
line and is limited because the resource 
potential of areas to the south of 90% 
probability line is believed to diminish with 
distance from the rift zone. Also, permeability 
in areas south of the rift zone is expected to 
be low as a result of mineral deposition from 
salt water intrusion. Potential hazards from 
lava flows are qreater south of the rift zone 
due to the southward sloping contour of the 
land. Also, earthquakes are relatively more 
frequent south of the rift· zone. 
The western boundary was determined assuming 
that Kahauale'a is designated as a natural area 
reserve. The boundary provides a 2000-foot 
buffer between the GRS and Kahauale'a to 
mitigate any possible effects on the prime 
native forest and wildlife at Kahauale'a. 
The northern GRS boundary was determined a 
reasonable distance from the rift zone to 
provide areas less susceptible to lava flow 
hazards. It is anticipated that powerplants may 
be sited on locally elevated ground in these 
safer northern areas. 
(Written testimony, Tagamori, pp. 19-20) 
2. The Developer has requested that a strip 
approximately 2,000 feet wide located along the southern 
boundary of the proposed subzone be exchanged for a 
comparable area along the northern boundary. The relative 
resource value of the two areas are equal, but the hazard 
risk is much less to the north. 
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3. The modification offered by campbell/True/Mid-
Pacific Venture on Campbell Exhibit 3 is a reasonable 
modification, although removing part of the southern 
boundary would also mean losing some geothermal potential, 
but not at an extreme loss as the potential drops off 
rapidly to the south. The north boundary offers an area of 
lower geologic hazard, which is a reasonable gain in the 
exchange. (Don Thomas, Tr. V_ol. IV, p. 172). 
4; That no objection was made to moving the 
boundary of the subzone to the north. 
A.2 ~ 
1. The total area of the proposed GRS is about 
11,745 acres. This area is reasonable for geothermal 
development because of the resource risk involved. In the 
California Geysers, an area of 1,000 acres is required to 
support a 110 MW power plant; however, in the Kilauea East 
Rift zone more acreage may be needed depending on site 
specitic conditions such as average well output and 
injection uquirements. (Campbell Exh. l, p. 9). 
2. The USGS has estimated that the Kapoho 
Reservoir at HGPA requires 125% more acreage than the 
Geysers for the equivalent power output, also allowances 
must be made for inaccessible areas such as environmentally 
qualified forests, pu'us and buffer zones, leaving the 
actual develo:pable acreage reduced by 30%. 
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Further, the probablity of finding temperatures 
above 125oc is 90% greater than finding temperatures above 
l75oc, the minimum for power generation is thus more likely 
75%. Based on results from drilling operations in lower 
Puna, where two wells out of seven were successful, a 28% 
success factor. is reasonable to expect. Combining all 
probabilities, total production acreage can be estimated as 
follows: 11,745 x (.7) x (7.5) x (.28) = 1,727 acres which 
is equivalent to the acreage required for a potential of 
84MW. Although the potential could be much higher, it 
aemonstrates the necessity for allocating large land areas 
for subzones. (Campbell Exh. l, p. 9, 10). 
3. Geothermal development occupies very little 
surface area with the result that increasing the size of a 
subzone does not necessarily result ln greater environmental 
impact. Thus, from a long-term planning standpoint, it may 
be feasible to contract all GRS's at a later date once more 
information is available. (Campbell Exh. l, p. 10). 
4. Geothermal is where it is found. It cannot be 
developed where desired. (Campbell Exh. l, p. ll). 
5. Drilling is the only way to actually confirm a 
geothermal resource. (Furumoto testimony, December 16, 
1984, p. 180; KGS 8/27/84; Moore testimony, Vol. XI, p. 3 
152, CIUA hearing). 
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6. There are geologic hazards associated with the 
entire rift zone, these hazards can best be mitigated by 
proper siting design and by distributing the development on 
the Kilauea East Ritt oyer as broad an area as possible to 
.ml..DJ..mize the risks from individual euuptions. (Written 
Testimony, Don Thomas, p. 2). 
B. Potential Geothermal Energy Production 
1. A panel ot technical experts closely associated 
with geothermal research in Hawaii was assembled to assist 
DOOALD staff in identification of areas with the potential 
for high temperature geothermal resources. (DOWALD, Exh. 6, 
p. 1; KGS 8/27/84, State Ex hi bit 2, p. 3). 
2. A "high temperature" geothermal resource is 
defined as one having a temperature greater than 125°C at a 
depth ot less than 3 kilometers. (DOWALD, Exh. 6, p. 5, KGS 
8/27/84, State Exhibit 2, p. 3). 
3. The panel of experts identified the Kilauea 
East Rift Zone as an area possessing the necessary qualities 
for designation as a potential resource area based on: 
(i) Three wells that encountered a high 
temperature resource with one of the three presently 
producing a geothermal resource; 
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(ii) Geophysical indicators, mainly 
aeromagnetic surveys, electrical surveys, microearthquake 
and self-potential surveys; 
(iii) Geologic evidence of recent lava intru-
sion into the east rift zone; 
(iv) Geochemical data; 
(v) An aeromagnetic anomoly associated with 
the rift showing that temperatures in excess of 500°C were 
present at shallow depths in the rift; 
(v~) Resistivity anomolies indicating shallow 
high temperature ground water; and 
(vii) Other available information from public 
and private services. 
(Chuck Testimony, p. 2-9; KGS 8/27/84 State Exh. 2, p. 3) 
4. The area of the Kilauea East Rift Zone having a 
probability of 90% or greater chance of encountering a high 
temperature geothermal resource is indicated by the 90% 
contour line on p. 5, State Exh. 2. 
5. The area of the Kilauea East Rift zone having a 
probability of 25% or greater chance of encountering a high 
temperature geothermal resource is indica ted by the 25% 
contour line on p. 5, State Exh. 2. 
6. Between contour lines, probability increases 
systematically from 25% to 90%. (Vol. 22, p. 56, Dec. 19, 
1984; KGS 8/27/84, State Exh. 2, p. 3). 
-15-
• 
7. According to Dr. Richard Moore's study of 
the geology and petrology of the Kilauea East Rift zone 
which indicates that there are three (3) areas that overlie 
secondary magma chambers and thus, are promising geothermal 
targets. One is the site of the general area of HGPA, 
another is the Kalehua area and the third is around 
Heiheiahulu which is in the area of the proposed subzone. 
(Richard Moore, Vol. XI, p. 3108, CDUA hearing). 
8. Most of the proposed 11,745 acres in the Middle 
East Rift Zone is located in the area designated by the 
Technical Committee as the area with 90% or greater 
probability of tinding heat at depths less than 3 km. 
(State Ex h. 2 , p. 4) • 
9. There is no doubt that there is abundant heat 
stored in the rift zone. Resevoir permeability is the 
biggest uncertainty. Although there are no surface 
measurements that can be made to indicate permeability, 
indirect evidence such as microearthquakes, swarms and 
surface faults are usually reliable indicators and both 
surface faults and earthquakes have been documented in the 
area. (Campbell Exh. 1, p. 2-3). 
10. The results of geothermal drilling so far in 
the Kamaili and Kapoho subzones have been disappointing and 
a rejection of the Niddle East Rift Zone without assurance 
that the other subzones could provide the needed electrical 
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capacity would not be in the best interest of the Big 
Island. (Niimi, Tr. Vol. VI, p. 88). 
c. use of Geothermal Energy in the Area 
l. Based upon prior permit applications and 
developer interest, the prospects for utilization of the 
proposed subzone for geothermal exploration and development 
is good. (DOWALD Exh. l, p. 51; KGS 8/27/84). 
2. The developer- interest in the area was 
stimulated by a request for proposal (RFP) issued in 1980 by 
Hawaiian Electric Light Company, Inc. (HELCO) for geother-
mally generated electrical power to meet their projected 
power requirements in 1988.. (DOOALD Exhibit l, p. 30). 
3. HELCO's Forecast Planning Committee predicts 
approximately a 2% growth load for the Island of Hawaii for 
the next 20 years. Based upon this 2% growth load and 
considering other factors such as the closing of Puna Sugar 
Company in early 1985, HELCO must plan for generation 
additions to meet this increase in growth load for the next 
20 years. (Applicant's Exh. 9, p. 2; CDUA Hearing). 
4. HELCO anticipates the need for an additional 13 
megawatts of power in 1988, and in 1991 if unable to obtain 
a committment from the sugar company, HELCO would 
conceivably need another 13 megawatts of power, with an 
additional 14 megawatts of power in 1993 if the HCPC 
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contract is not renewed. Thus, a total of 40 megawatts of 
power may be needed by 1993. (Alva Nakamura, Tr. Vol. IV, 
p. 12 4, 12 5) • 
5. HELCO believes that geothermal power would hold 
the most promise for firm base load generation. (Alva 
Nakamura, Tr. Vol. IV, p. 113). 
6. If West Hawaii were to develop a greater need 
for electricity, it is HELCO's plan to transport this 
electricity from East Hawaii. (Alva Nakamura, Tr. Vol. IV, 
p. 114). 
7. It HELCO. had a firm power source that was more 
economical than the electricity currently being put out 
through the use of their old generators, HELCO wants to 
retire those generators. (Alva Nakamura, Tr. Vol. IV, p. 
126) • 
8. In order for the County of Hawaii to become 
energy self-sufficient by 1990 without the use of oil, an 
excess of 100 megawatts of power would be needed by that 
date. (Alva Nakamura, Tr. Vol. IV, p. 127). 
9. The purpose of HELCO' s RFP request was to 
encourage and implement the development of geothermally 
produced power generation in Hawaii so that this source of 
electric power would be available to fill the anticipated 
need for additional and more reliable electrical generating 
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capacity for the HELCO system by 1988 at the most favorable 
terms to HELCO and to HELCO's ratepayers. 
10. Developer interest in geothermal exploration 
and development is clearly indicated on the record by 
Campbell/True-Mid-Pacific's BLNR's Decision on CDUA HA 
3/2/82-1463 the BLNR Decision on the Kahauale'a subzone, GS 
8/27/84, and by the Developer's continued participation in 
the subject hearing. 
ll. The Hawaii State Energy Plan has an obJective 
to accelerate the transition from fossil fuel to an 
indigenous renewable energy economy by facilitating private 
sector activities to explore supply options and achieve 
local commercialization and application of appropriate 
alternate energy technologies. The designation of a 
geothermal subzone in the Kilauea Middle East Rift Zone 
would be consistent w~th and promote the attainment of this 
objective. (State Energy Plan, Applicant's Exh. 31, p. 15). 
12. The establishment of the Kilauea Middle East 
Rift geothermal subzone is in accord with the goals and 
obJectives of the County of Hawaii. The County's goals for 
energy are: ll to strive towards energy self-sufficiency for 
Hawaii County; and 2) to establish the Big Island as a 
demonstration community for the development and use of 
natural energy resources. 
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To achieve these goals, a number of policies for 
County actions and/or programs are set forth. These include: 
--encouraging the development of alternative energy 
resources and the expansion of the energy 
research industry; 
--educating the public on new energy technologies; 
--fostering attitudes and activities conducive to 
energy conservation; 
--ensuring a proper balance between the development 
of alternatJ.ve energy resources and the 
preservation of environmental fitness; 
--striving to assure a sufficient energy supply for 
present and f ut ur e. demands; 
--providing incentives to encourage the use of new 
energy sources and the promotion of energy 
conservation; 
--seeking public and private funding for research 
and development. of alternative energy resources; 
and 
--coordinating energy research and development 
efforts of the public and private sectors. 
These goals and policies clearly direct the County 
to explore the potential of natural energy resources in 
order that the island of Hawaii can strive towards energy 
self-sufficiency. Geothermal is one of the island's 
indigenous energy resources. The County recognizes that 
exploration and development of its potential geothermal 
resource will assist its overall program to develop the 
array of alternative energy sources on the island of Hawaii. 
(County Exh. 1, November 15, 1985) • 
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13. OVer 80% of the State's demand for electricity 
is on Oahu which lacks alternative energy resources suff i-
cient to meet its demand. (VCA Exh. 112, preface, Subzone 
Hearing). 
14. Although the ultimate schedule for producing a 
commercial undersea cable is presently unknown, the design 
and construction of a prototype cable is projected for 1987 
when a 30,000 foot length of test cable will be laid in the 
ocean channel between the Big Island and Maui. (Stanley 
Tanno's Testimony, Tuesday, December 18, 1984). 
15. If a commercial cable is feasible, the demand 
for geothermal electricity may increase beyond the prOJected 
HELCO demand for the Big Island. One of the problems in the 
implementation of the commercial cable program is the 
interrelationship between the development of the Big 
Island's renewable alternate energy resources, especially 
geothermal, and an undersea cable system. The development 
of the alternate energy resources on the Big Island should 
be made in tandem with the development of the undersea cable 
system. (VCA's Exh. 112, p. 17, KGS 8/27/84; Thomas, Tr. 
Vol. IV, November 14, 1985, p. 157). It would be 
financially unfeasible to raise the required financing for 
an undersea cable system and then actually install the cable 
without the coordinated development of the renewable 
alternate energy generated, the electrical production 
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facilities to provide energy to be transmitted upon 
completion of construction, and the shakedown testing of the 
cable. (VCA Exh. 112, p. 2; Thomas, Tr. Vol. IV, November 
14, 1985, p. 157). Thus, sufficient geothermal resource 
subzones should be designated to allow this coordinated 
development to occur. 
D. Geologic Hazara 
Geothermal resources in the Puna District exist due to 
the recent· volcanic activity in the region. The volcanic 
activity in essence serves to continually resupply. heat to 
the system. The volcanic activity responsible for the 
creation of the resource also creates a certain degree of 
hazard in the form of earthquakes and the risk of volcanic 
erruptions. The concurrence of these two factors - high 
probability of geothermal resource and risks in the nature 
of volcanic activity are common to young geologic areas 
where geothermal activities are occur ring. 
1. Lava Flow. 
a. (i) T~me and location of eruptions cannot be 
predicted with any degree of certainty (State Exh. 2, p. 38, 
DOWALD EXH. 12, p. 82, DOWALD EXH. 6, p. B-54, KGS 8/27/84; 
Moore Testimony, Vol. VI, December 19, 1984, p. 258). 
(ii) The upper East Rift zone is more subject 
to lava inundation than is the lower rift zone. (Moore 
testimony, Vol. VI, December 19, 1984, p. 281; KGS 8/27/84). 
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b. Characteristics of Hawaiian lava tlows: 
(i) Flows freely in predictable course 
dictatea by ground slope (DOWALD EXH. 12, p. l; KGS 
8/27/84). 
(ii) Lavas are liquid and, therefore, will 
behave like a liquid. Lavas always tend to flow directly 
down the steepest available slope and to follow the path of 
least resistance (Campbell Exh. 6, p. 269; KGS 8/27/84). 
(iii) Liquid lava has a specific gravity 
probability 2 to 2.5 times that of water (Campbell Ex. 6, p. 
270; KGS 8/27/84). 
(iv) Most tlows are thin, l-5 m. in thickness. 
Flows will accumulate over previous flows (DCWALD EXH 
12, p. l; KGS 8/27/84). 
(v) Duration of flows have averaged 60 days 
with many lasting l day and some such as Mauna Ulu and Pu'u 
o lasting over a year (DOWALD EXH 12, p. 2; KGS 8/27/84). 
(vi) Lava flows ax:e most likely to emanate 
fx:om vents and f issux:es located in the centx:al pax:t of the 
rift zone (i.e., between 90% probability line) (DOWALD EXH. 
12, p. 18; KGS 8/27/84). 
c. All flows, including current Pu'u 0 eruption, 
eventually end (Moore Testimony, Vol. VI, December 19, 1985, 
p. 2; KGS 8/27/840. 
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d. The entire Kilauea East Rift is vulnerable to 
inundation (Helsley Campbell Exh. 1, p. 2; KGS 12/23/84). 
e. Mitigation measures are available. 
(~) Depending on resource location, siting 
facilities, including wells away and upslope from central 
rift zone will mitigate damage to facilities from flows. 
(Moore Testimony, Vol. VI, December 19, 1985, p. 234; KGS 
8/27/84; Niimi Written Testimony, 4/23/84 Hazards Hearing). 
(ii) Building diversion barriers to deflect 
lava flows have an excellent probability of success. 
(Campbell Exh. 6, p. 258, DOWALD Exh. 12, p. 9; KGS 
8/27/84). 
(iii) A well placed barrier can deflect lava 
flows considerably higher than the barrier itself. 
(Campbell Exh. 6, p. 258, Moore Testimony, Vol. IV, December 
19, 1985, p. 269; KGS 8/27/84). 
(iv) Division walls can be built quickly and 
inexpensively. (Moore Testimony, Vol. IV, December 19, 1985, 
p. 269; KGS 8/27/84). 
(v) Geographical diversification of plants and 
development (Moore Testimony, Vol. VI, December 19, 1984, p. 
234, 235, 238; KGS 8/27/84; DOWALD EXH. 12, p. 8; KGS 
8/27/ 84). 
(vi) Modular and portable power plants (DOWALD 
EXH. 12, p. 7; KGS 8/27/84). 
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(vii) Pipeline supports may be protected 
against flows with localized bar:r:ier:s or: support structures 
(DOWALD EXH. 12, p. 7; KGS 8/27/84; Niimi Testimony). 
(viii) If a sufficiently large hill is not 
available, a plant or: well could be protected by construc-
ting an ear:th-and-r:ock platform several meters high. 
Depending on the perceived risk f r:om lava flow hazard, wells 
or plants can be sufficiently- fortified to withstand almost 
any lava flow (Mullineaux and Peter: son, 1974). A cost/risk 
analysis would have to be made. (DOWALD Exh. 12, p. 6; KGS 
8/27/84). 
(ix) Another: well-protection alternative is to 
enclose the well-head in a concrete cellar allowing the lava 
to flow above rather: than around the well-head. Recovering 
a well covered with a thick flow could be quite arduous and 
time consuming. The precise effect the lava's heat would 
have on the well-head mechanisms is not known. (DCMALD Exh. 
12, p. 6; KGS 8/27/84). 
(x) Modern metallurgy 1s quite capable of 
handling situations where lava is encountered on the surface 
or subsurface. Wellbore bridge plugs will be available to 
isolate any productive sub-surface formation if drilling 
operations must be curtailed. In addition, surface valves 
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and blowout preventers will provide further security. The 
general practice is to install redundant valves or blowout 
preventers tor reliability. The major supplier of 
geothermal wellheads and valves 1s W-K-M. They have statea 
that the wellheads and valves will not melt even it covered 
by a lava tlow. Experiments by Sandia Laboratories in 
Kilauea Iki Lava Lake showed that casing can be installed 
even in molten lava and that heat exchangers exposed to 
mol ten lava withstood the temperatures and gases. (Campbell 
Exh. 1, p. 4; GS No. 9/26/85-5). 
(xi) Comprehensive evacuation plans should be 
designee to assure worker safety. Warning time prior to 
1nundation can be as little as one hour to eruption. 
(Moore, 1984). Procedures should be established to protect 
equ1pment. Multiple access roads should be provided in the 
event one gets covered by a flow. (DOWALD Exh. 12, p. 7; 
KGS 8/27/84). 
(X ii) The development should coordinate 
contingency planning with government field geologists (e.g. 
Hawaiian Volcano Observatory) and local civil defense 
authorities to ascertain when an eruption appears imminent 
and what subsequent action should be taken. Escape and 
abandonment procedures may be flexible but should be 
predetermined and clear. The aevelopers nave been giving 
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this area their attention. 
8/27/84). 
(DOWALD Exh. 12, p. 7; KGS 
(xiii) It a lava flow is impending during well 
drilling, the well can be fittea with a pressure ana 
temperature resJ.stant "bridge plug" to safely isolate and 
protect the lower, resource-bearing, portion ot the well. 
These plugs can be J.nstalled in one hour (DOWALD Exh. 12, p. 
7; KGS 8/27/ 84). 
(xiv) Trip wires, placed l.n the expected lava 
tlows, can alert development personnel as to the distance 
and speed ot the oncoming tlow. The crew can then take 
appropriate action in a~cord with their preexisting 
evacuation plan (DOW ALD Exh. 12, p. 7; KGS 8/27 I 84). 
f. It is generally assumed that the resource 
developers will bear the risks of loss associated with their 
activities. However, it the utilJ.ty owns the power plant, 
there may be some question as to whether the investors or 
tne rate-payers will bear the risks ot loss. Plants could 
be designed to have large operating ranges to make up lost 
capacity. (Campbell Exh. 2, p. 5; KGS 8/27/85; DC:WALD Exn. 
12, p. 8; KGS 8/27/84; Campbell Exh. 1, p. 3). 
g. If geothermal aevelopment investors assume a 
ma]or portion ot the economic risk of loss resulting from 
geologic hazards, tnen developers would have a clear 
economic l.ncentive to utilize appropriate mitigation 
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measures and to select sites which otter the optimum balance 
ot safety and productivity. (DOWALD Exh. 12, p. 8; KGS 
8/27 I 84 l • 
h. Well heads and valves will not melt when 
coverea by lava (Campbell Exh. 2, p. 4; KGS 8/27/84). 
i. Technology tor operating in magma is available 
trom direct research experime_nts (Campb.ell Exh. 2, p. 4; KGS 
8/27/84). 
2. Pyroclastic Fallout 
a. Not expected to be an impact 1n Upper Rift 
(DOOALD EXH. 14, fig. 8; KGS 8/27/84). 
b. Not expected to be problem more than 1 km. 
away trom erupt1ve vent or fissure (Kubacki Test1mony, Vol. 
N, p. 324, December 16, 1984; KGS 8/27/84). 
c. Cooling towers may be affected but roofs can be 
aesigned to mJ.tigate l.IDfOC!Ct (Kubackl. Testimony, Vol. N, p. 
324, December 16, 1984; KGS 8/27/84). 
a. Not expected to be a problem because of 1 ack of 
shallow ground water (DOOALD EXH. 12, p. 3; KGS 8/27/84). 
3. Ground Cracks 
a. Ev1dence ot magma intrusion into the subsurface 
(DCWALD EXH. 12, p. 3; KGS 8/27/84). 
b. Cracks may also be caused by earthquakes 
(DOOALD EXH. 12, p. 3; KGS 8/27/84). 
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c. Tectonic ground cracking is usually localized 
near maJor fault systems such as in Hilina and Koae (DCWALD 
EXH. 12, p. 3; KGS 8127184). 
a. Some cracks may not be positively indentif iable 
because or forest cover (Jackson, Tr. Vol. VI, December 19, 
19 84 I p. 19 4; KG s 81 27 I 84) • 
e. Based on crack trequency and erruption 
frequency, there would be greater hazard with Kahauale'a. 
than there would be downrift. (Jackson, Tr. Vol. VI, p. 20, 
December 19, 1984; KGS 8127184). 
t. Cracks are oriented primarily vertically 
(DCWALD EXH. 12, p. 4; KGS 8127184). 
g. Cracks and fractures are one of the elements 
you look tor when searching tor a geothermal resource. 
(Jackson, Tr. Vol. VI, p. 188; KGS 8127184). 
h. Measures to mitigate the impact ot ground 
cracks: 
(~) Steam transmission piping can be made with 
expansion Joints to accommodate appreciable subsidence and 
ground movements. 
(ii) Siting away from surface cracks. 
(Jackson, Tr. Vol. VI, p. 189, December 19, 1984; KGS 
8127 I 84 l . 
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i. Depth of surface cracks are unknown. (Jackson, 
Tr. Vol. VI, p. 190, December 19, 1984; KGS 8/27/84). 
J. No impact from cracks was experienced in any of 
the existing wells despite the fact that at least 2 ot the 6 
wells were s1ted close to the surface cracks. (Niimi 1984, 
Evidence ot geothermal potential at Kahauale'a). 
k. Impact on well drilling is unknown. A tault 
could intersect a wellbore wlthout causing any oamage. The 
rault coulo seal ott the well or the raulting could crimp 
the end ot the casing and not allow fluids to escape. 
(Jackson, Tr. Vol. VI, p. 190, December 19, 1984; KGS 
8/27/ 84). 
4. Grouno Subsidence 
a. Subsidence in rift zones are associated with 
magma intrusion (McDonald, Volcanoes in the Sea, p. 39). 
b. Subsidence may be caused bY taul t displacement 
assoc1ated wi tn tectonic activity along major tault systems 
such as Hllina and, therefore, not likely to aftect rift 
zones (DCMALD EXH. 12, p. 4; KGS 8/27/84). 
c. Grabens are most l1kely to occur 1n the central 
portion or the east rltt (DOWALD EXH. 12, p. 18; KGS 
8/21 I 84 l . 
d. Mltigating Measures: 
(i) Slting facilities away from central rift 
zone (DCWALD J::XH. 12, p. 5; KGS 8/27/84). 
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( ii) Installation ot automatic well shut-oft 
devices and pipeline block valves to prevent geothermal 
fluids from entering any damaged pipeline sections (EIS). 
(ili) Geologic surveys to ensure site 
stability (DOWALD EXH. 12, p. 4; KGS 8/27/84). 
5. EarthQuakes 
L Most eartnquakes in Hawaii are volcanic and 
result from near surface magma movements. These earttGuakes 
are small in magnitude and usually· cause little direct 
damage. (DCWALD Exn. 12, p. 4; KGS 8/27/84). 
b. A November, 1983 earthquake registering 6.6 on 
the Richter scale did not cause any damage to HGP-A 
tacllities. (Moore Testimony, Vol. VI, December 19, 1984, 
p. 291; KGS 8/27/84). 
6. Tsunamis 
a. Hazard is present only to areas below 75 teet 
elevations (DCWALD EXH. 12, p. 5; KGS 8/27/84). 
b. Proposed Kilauea Middle East Rift Subzone is 
located at elevations generally above 1,400 feet. (State 
Exh. 2, p. 41). 
E. Soc1al Impacts 
a. Potential social impacts resulting from the 
designation ot a subzone in Kilauea Middle East Rift zone 
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would be to health, noise, lifestyle, culture and community 
setting, and aesthetic& 
b. A survey study conducted by SMS Research, Inc., 
tor the State Department ot Planning ana Economic 
Development and the Hawaii County Department ot Planning, 
The Puna Commu01.ty Survey, completed in April, 1982, inter-
viewed 778 residents in the Puna area and among the 
questions asked was the following: 
1. Health 
Question No. 18 [3]: "Have you or members ot your 
household been atfected by those wells in any way? 
[Geothermal wells in Puna]." 
Only 18% ot the respondents answered "yes" and 81% 
ot the respondents answered "no•, with 1% answering 
"Don'c know." 
(DOWALD Exhlbit 8, p. 2) 
a. Ot the 18% of households which indicated that 
they were atfected in any way by geothermal wells in Puna, 
only 14% indicatea they were affected by health problems 
wnile 71% perceived smell as the negative effect of 
geothermal wells. (DOW ALD Exn. 8, p. 2) 
b. In the "Puna Speaks" case, where the HGP-A 
plant was challengea by Puna residents, the u.s. District 
Court ruled that the plaintiffs did not prove their case in 
the suit as no causation was established between the well 
emissions and the maladies alleged by the plaintiffs which 
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they claimed were causea by the HGP-A plant. (DOWALD Exn. 8, 
p. 3) • 
c. A Dames and Moore study tor the u.s. 
Envuonmental Protection Agency entitlea Evaluation ot BACT 
tor Alr Quality Impact of Potential Geothermal Development 
in HawaH, January, 1984, concluded in part that: 
H2s emissions during well bleeding operations 
nave tne potential to exceed· the proposed HAAQS. 
Thls potential can be eliminated by developing (and 
implementing) H2 S emissions ·control measures for 
use during well ol eeding or by altering the assumed 
emission release characteristics of well bleeding 
activities. 
calculations of potential particulate and trace 
element impacts on ambient air quality were also 
conducted as part of this study. These data indi-
cate that the proposed project does not have the 
potential to exceed applicaole ambient air quality 
guidelines for these compounds. (DCWALD Exh. 8, p. 
4) 
2. Noise Aspects 
a. Noise levels associated with geothermal energy 
developm£:<nt and operation are comparaole with those of 
1nctustrial or electrical plants of similar size. (DOWALD 
Ex h. 8, p. 4). 
b. In May of 1981, the County of Hawaii Planning 
Department issuea a set ot Geothermal Noise Level Guidelines 
to provide proper control and monitoring of geothermal-
related noise impacts with stricter standards than those 
prevailing tor Oahu and state-wide, based on lower existing 
ambient noise levels for the Island of Hawaii. Because 
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these guidelines answer directly to the noise concerns, they 
are presented in the :toll ow 1ng excerpts: 
In granting Spec1al Perm1ts for the exploration 
ano development ot geothermal resources in the Puna 
Distr1ct, the Planning Department and Comm1ssion 
found that there were potential adverse 1mpacts to 
the sur round1ng area which may result t rom the 
geothermal operations. Consequently, stringent 
controls and conditions were attached to the 
respective permits. The Planning Commission 
ass1gned the Planning Director the primary respon-
sibllity tor the monitoring and enforcing o:t these 
conditions. 
In light of these responsibilities and the 
numerous noise related complaints received £rom 
residents of the Puna District concerning certain 
geothermal drilling operations, the Planning 
Department has developed the following guidelines 
to determine acceptable noise levels for both geo-
thermal exploration and production. 
Tnese noise levels are intenoed to provide the 
Plann1ng Director Wlth the necessary guidance to 
review and assess geothermal operations on a case 
specific basis to determine whether a noise 
nuisance exists or not. Based on this review, 
should the Planning Director find that the 
acceptable noise levels are being exceeded and that 
the res1dents are being significantly adversely 
1mpacteo by that noise, ne can: (l) invoke more 
stringent noise mitigative procedures and/or 
mitigative oevices; or (2) ease turther geothermal 
activity in accordance with the appropr1ate provi-
sions of tne Special Permits. 
Guide! ines 
In conjunction with the various acceptable 
noise standards and the tactors specitically 
affecting the Puna environment, the Planning 
Department has developed the following noise level 
guioel1nes tor geothermal activities: 
l. That the acceptable geothermal noise guidelines 
should be at a level which reasonably assures 
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that the Environmental Protection Agency and 
u.s. Department of Housing and Urban Develop-
ment criteria tor acceptable indoor noise 
levels can be met. 
2. That the sound level measurements should take 
place at the atfecteo residential receptors. 
3. Tnat, in conjunction and appreciation ot the 
other guidelines, the acceptable noise levels 
for geothermal development are as follows: 
a. That a general noise level of 55 dBA during 
daytime and 45aBA at night not be exceeded 
except as -allowed under b. For the 
purposes of these gu~delines, night ~s 
det ined as the hours ot 7:00 p.m. and 7:00 
a.m •. ; 
b. That the allowaole .Levels tor impact noise 
be 10 dBA above the generally allowed noise 
level. However, in any event, the 
generally allowed noise level should not be 
exceeded more than 10% of the time within 
any 20 minute period. 
c. That the noise level guidelines be applied 
at the existing residential receptors which 
may be impacted by the geothermal 
operation; and 
d. That sound level measurements be conducted 
using standard procedures with sounnd level 
meters using "A" weighting and "slow" meter 
response unless otherwise stated. 
The guidelines tor allowable geothermal noise 
levels are intended to provide an interim basis for 
assessing geothermal activities. As more 
information is obtained and a better understanding 
of both the noise levels and their impacts on the 
environment and the climatic conditions affecting 
the Puna area, these gu~delines should be amended. 
3. Lifestyle, Culture ana Community Setting 
a. In the survey done by Puna Hui Ohana, Assess-
ment of Geothermal Development Impact on AbOriginal 
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.H.gll!ai1ans found that "the question asking about overall: 
1mpact of geothermal development in Puna produced responses 
1n the "neither good nor bad" middle ground. There seems to 
be a balancing of the potential economic benefits of 
geothermal development with the environmental and social 
costs of development. (DOWALD Exh. 8, p. 9-10). 
b. Pele Practitioner_s. The Pele practitioners, R.P. 
Deaman ana E. Aluli, nave stated tnat the commercial 
development of geothermal energy will be an impermissble 
interference with their native Hawaiian right to practice 
their religious reverence tor the Goddess Pele. (Dedman and 
Alului, written testimony, Kilauea Middle Rift Geothermal 
Subzone, November, 1985). 
(l) These Pele practitioners believe that the 
Goddess Pele is embodied in the geothermal resource and that 
the utilization of that resource 1s a desecration of Pele. 
(Dedman, Tr. Vol. v, p. 143, lines 23 and 24). 
(2) To many native Hawaiians, Pele 1s regarded 
as an akua or an aumakua and personal offering are made to 
Pele as part of religious practice. (DOWALD, Exn. 2, 3ra 
Paragraph, p. 13). 
(3) Some native Hawaiians also identify 
themselves as the bloodline of Pele and believe that 
geothermal development may forever extinguish or destroy 
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essential parts of Hawaiian heritage, culture and religion. 
(DOWALD, Exh. 2, 3rd paragraph, p. 13). 
(4) The belief that the development of 
geothermal steam tor the generation of electricity is a 
desecration of Pele is not universally shared by all native 
Hawaiians. Historical accounts of native Hawaiian activity 
show that they used geothermal steam for cooking food for 
non-religious purposes such as feeding animals. (Account ot 
Rev. Ellis; Handy and Handy, DOWALD, Exh. 2, 5th paragraph, 
p. 13). 
(4) Other native Hawaiians currently believe 
that the development of geothermal energy is not 
counterproductive to native Hawaiian culture and heritage. 
One ot these native Hawaiians has stated that, " ••• as a 
Hawaiian who shares the love of this land with others, 
cognizant ot my heritage and traditions, I feel my ancestors 
woula be proud to know that we are trying to use our natural 
resources 1n the best way possible. The Hawaiian of times 
past, with his astute knowledge of all things and through 
the proper observances of established laws, used all of the 
natural resources available in their limited way to do the 
most gooa for the most people.• (Testimony of G. Jenkins, 
Public Hearing on Middle Rift Geothermal Subzone, September 
26, 1985). 
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(5) Other people speaking on behalf ot 
Hawaiian c1vic groups nave spoken in support of geothermal 
development. The president of the Hawaiian Civic Club in 
Ka'u statea 1n support of the des1gnat1on ot a geothermal 
resource subzone that, • •• we are not living in the past 
now. There's a lot of things we need to preserve, and yet 
there's a lot of things that sometimes we have to give up 
for the betterment of our own Hawaiian chi! dren and 
ramilies. Now, we speaking on behalt of myself, talking 
about geothermal, I cannot say that I know I too much about 
geothermal. But I think I know enough that I would sit here 
and support the geothermal resource subzone • • 
(Testimony of A. Carriaga, Public Hearing of the Kilauea 
Southwest Rift Zone Geothermal Resource Subzone, September 
2 6, 19 85). 
4. Aesthetic 
a. In some areas with potential geothermal 
resource development tne plant installation may be 
relatively unobtrusive-- where scenic view corridors are 
not damaged in the eye ot nearby or medium-distanced 
residents and visitors (DOWALD Exn. 8, p. 10). 
b. Techniques of preserving aesthetic aspects of 
the landscape and natural vistas include attractive design, 
painting of structures, towers and plants with colors to 
blend 1n with the natural setting. 
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CONCLUSION 
c. Overall indications are that the elements of 
rna] or social concerns and impacts could be minimized and 
preservation of quality environment could be achieved by 
proper siting, landscaping and design of plant facilities, and 
careful controls and monitoring of all operations. The 
necessity and desirability of furthering the on-going 
processes of accessing community input from all sectors should 
be emphasized. (DOWALD Exh. 8, p. viii). 
F. Environmental Impacts 
l. Meteorology 
l.l Normal Wind Patterns 
Normal wind patterns during the day and night blow 
away from closest receptor areas in Kaohe Homestead and 
Pahoa the majority of the time. Areas which are downwind of 
the proposed subzone, specifically the Kalapana area, are 
approximately 5 miles from the middle of the proposed 
subzone. (State Exh. 2, pp. 20, 21, 22). 
1.2 Air Dispersion Modeling 
Air dispersion modeling can be done to calculate 
specific impacts of a power plant at the CDUA permit 
acquisition process. (State Exh. 2, p. 20). 
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2. Flora and Fauna 
2.1. Data Deriyed on Habitat Quality and Biology 
a. For purposes of the subzone designation 
process, the University of Hawaii Environmental Center deve-
loped a simplified, three category impact sensitivity 
classification system based on vegetation type data from the 
USFW's mapping. These categories are: 
category l - exceptional native I:orest; closed 
canopy, over 90% native cover; 
Category 2 - mature native rorest, over 75% 
native canopy; and 
category 2A- native scrub or lava forest. 
Category 3 - cleared land; non-native rorest; 
bare ground or lava 
Closed canopy is defined as greater than 62% 
cover, open canopy as 25-60% cover; and scat-
tered trees as 5-25% cover. 
(DOWALD Exh. 10, p. 7 and Appendix A, pp. A-1 to 
A-4). 
b. category 3 lands as aef ined are presumed to be 
areas in which geothermal development would have little or 
no l.mpact and are assumed to be of little biological value 
owing to high degrees of disturbance or low percentage of 
ground cover. (VCA Exh. 19, p. 4). 
c. At the Kahauale'a subzone hearing, VCA's 
witness, James Jacobi, testified that the impact of 
geothermal development would be less significant if the 
development were to go on in the areas which have been 
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inundated by lava and would have the least impact it the 
road development were totally confined to recent lava flows. 
(Jacobi, Tr. Vo.L. II of IV, December 19, 1984, pp. 22-23). 
d. The lava ecosystem in the Kilauea East Rift 
zone includes recent, barren flows as well as slightly older 
Uows which support a pioneer vegetation. There have been 
several studies of plant succession on lava flows on Hawaii 
(Forbes 1912, Clements 1916, MacCaughey 19717, Robyns and 
Lamb 1939, Skottsberg 1941), however, the information from 
these studies is still only fragmentary. A few intensive 
studies of plant succession have been made at selected 
sites. Doty (1961, 1967) established several study plots on 
the 1955 lava flows. Smathers and Mueller-Dombois (1974) 
conducted intensive studies ot succession on ash and 
pahoehoe at the 1959 Kilauea Iki eruption site. 
The results of these studies show how diverse are 
the successional stages involved and now difficult .Lt is to 
generalize effectively about succession on lava flows. The 
great range of environmental conditions available have 
produced a complex of successional stages. 
From these studies it is clear that available 
moisture plays an important part in succession. Whether a 
lava flow occurs in a wet or dry locality will determine how 
rapidly plants are able to colonize it. In wetter areas, the 
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development of vegetation is much more rapid. The whitish-
gray lichen, Stereocaulon yulcani, often appears first on 
some lava tlows, however, higher plants such as 'oh~'a 
(H~~~~~~~~~~~ ~~ll~D~) and ferns such as swordfern 
(Nephrolepis multiflora) may also appear at the same time. 
"Ohi'a is the most common p~oneer among the flowering plants 
and may even appear before the lichens. In dry localities 
colonization of lava flows is· exceedingly slow. 
Lava flows of different ages and climatic exposures 
can be observed in the Kilauea East Rift Zone. The Pu'u O'o 
tlow.s (1983 to present) are completely barren for they are 
too recent and, in fact, newer flows often pour over the 
earlier flows. (State's Exh. 3, pp. 7 and 8). 
2.2 Data on Flora in Proposed Subzone 
a. The vegetation (the plant cover) in tne 
proposed subzone was classified into a number of types by 
Char & Lamoureux in the Puna Geothermal Area Biotic 
Assessment (State's Exh. 3) and the Botanical Survey of the 
Potential Geothermal Areas in the State-owned Land in the 
~Iiddle East Rift Zone of Kilauea, Puna District, Island of 
Hawaii (Char & Lamoureux, 1985b) (Campbell Exh. 2, pp. 1-2; 
State's Exh. 3). Based on these studies, the vegetation in 
the proposed subzone can be classified into the following 
basic types: 
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(i) Laya flows. 
The most recent lava tlow s, still largely 
unvegetated, are those from the 1983-85 Pu'u O'o tlows which 
are still unvegetated. There are also 1977 and 1955 lava 
flows which support early successional stages with scattered 
young 'ohi'a plants and a mixture of common native and 
introduced species. 
(ii) 'Ohi'a-uluhe woodland. 
This is a forest which probably represents a 
later successional stage than (i) above. It consists of 
scattered 'ohi'a trees with an almost continuous carpet ot 
uluhe fern. There are few other native plants such as 
kopiko and 'uki. Introduced species such as malabar 
melastome and bamboo orchid are common. 
(iii) 'Ohi'a forest types. 
These represent still later successional 
stages. Four such types were recognized: 
(1) Net 'ohi'a forest with native species 
( 'ohi' a-a(lll. 
These forests have tall 'ohi'a trees, usually 
more than 30 feet, with a nearly closed canopy. There is a 
subcanopy layer containing a number of native trees, and a 
third layer of hapu'u tree ferns, plus a ground cover of 
ferns and small shrubs. Very few introduced weeds occur 
here. 
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(2) Net 'ohi'a forest with native species and 
exotic shrubs ('ohi'a-a(2ll. 
These forests differ from 'ohi'a-a(l) by 
containing a large number of introduced species in the shrub 
and subcanopy layers. Strawberry guava and malabar melastome 
are the major introduced species. The presence of these 
introduced plants indicate~ that these forests are more 
highly disj::urbed than 'ohi'a-a(l) forests. 
(3) "Ohi'a~kukui forest with mixed native and 
exotic shrubs ('ohi'a-a(3ll. 
This differs from 'ohi'a-a(2) by containing an 
admixture of the kukui, a tree introduced by the 
Polynesians. Other plants found here, such as 'awa and ti, 
suggest that these areas were probably utilized by the 
Hawaiians in former times. 
(4) 'Ohi'a forest with exotic subcanopy and 
shrub layers ('ohi'a-bl. 
These are 'ohi'a forests which have been 
greatly disturbed in the past and in which the subcanopy 
layers consist largely of introduced species. 
The 'ohi'a-a(l) forest is the most intact 
torest type, with the largest component of native species. 
It is the type which will be most sensitive to disturbance. 
(Campbell Exh. 2, pp. 2-3) • 
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b. In the proposed geothermal subzone, the 
duferent vegetation types occur as a mosaic reflecting lava 
tlows ot different ages and different aegrees of past 
disturbance. Extensive areas ot 'ohi'a-uluhe woodland, 
'ohia-a(2) torest and recent lava tlows are interspersed 
with small patches or 'ohi'a-a(l), 'ohia-a(2), 'ohia-a(3) 
and 'ohia-b forests. (Campbell Exh. 2, p. 6; Campbell Exh. 
2-D). 
c. In comparing the state of the vegetation found 
in the Natural Area Reserve and Kahaual~:'a, Rick Warshauer 
statea that the natural area has a large number of 
introducea plants scattered through it ana has a lot of area 
that is successionally less mature than is the Kahauale'a 
area. In the latter areas the less mature areas have lots 
ot polluting, and that usually takes the place of a number 
of native shrubs ana herbs that you would tind that are 
abundant in parts of Kahauale'a, particularly areas near the 
East Rlft. (CDUA Hearing Tr. Vol. XIV, p. 3815). 
d. Mr. Warshauer also tound that Kahauale'a is one 
or the best native torests left on the Kilauea East Ritt and 
that it is a better example of a native Hawaiian rainforest 
that the natural area. (CDUA Hearing Tr. Vol. XIV, p. 
3 815) • 
e. A prior VCA witness, Dr. Mueller-Dombois, 
stated at the CDUA hearing that in terms oi ecosystems, 
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Kahauale'a is considered to be a prized area in terms of the 
natural history of the Big Island. In his opinion, the 
forest at Kahauale'a is in even better condition than the 
natural area next to it which had been selected by the 
Hawaiian Natural Area Commission as a prized area to set 
aside as a national ecosystem. (Mueller-Dombois, Vol. XII, 
CIXJA Hearing, December 8, 1985, pp. 3384-3385). 
f. In making a botanical comparison of Kahauale'.a 
with respect to other areas around it·, Mr. Jacobi believed 
that in terms of the value of Kahaual e'a it would be in 
terms of two perspectives: 
One, in terms of the ecosystem of that Puna 
area as a whole, and that is specificaly important in--for 
example looking at areas of different age substrate. 
Looking at the evolutionary processes and the development of 
processes which are going on which are related to many 
different factors in time. The most important factor is 
there aren't any other extensive areas which have what are 
considered in this case a moderate age substrate. This is 
again referencing the work of Dr. Holcomb who has spent a 
lot of time talking about different ages of substrate and 
vegetation development on those types of substrate. What we 
have in Kahaualea's is a so-called moderate age substrate 
which we have on the rift zone around the island, but most 
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of those habitats are drier habitats. They're a different 
vegetation zone, and so we have a different kind of 
vegetation. And this is the largest expanse we have. This 
wet, moderate rain forest and the ecosystem processes there 
are very important in respect to other areas, specifically 
within the Puna area. 
In terms of the value of an intact and still 
more or less functioning ecosystem, Mr. Jacobi certainly 
would put a higher value on this area for several reasons. 
It has been maintained as being a more functioning ecosystem 
as opposed to, for example, the areas to the east, including 
parts of most of tne Puna Forest Reserve. 
The Puna natural areas and some of the areas 
you get to the drier portion of the Park which are a little 
bit more disturbed. Mr. Jacobi thus considered Kahauale'a 
to have an extremely high value and that the upper portion 
of Kahauale'a has a very high value for the ecosystem. 
(Jacobi, Tr. CDUA Hearing, Vol. XIV, pp. 3888-3890). 
g. Mr. David Ames, the superintendent of the 
Hawaii Volcanoes National Park, stated during the contested 
case hearing for the CDUA for Kahauale'a that the National 
Park is opposed to development at Kahauale'a and would 
prefer a land exchange with State lands near the Puna 
Forest. Mr. Ames based this recommendation on the lesser 
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biological value of the area 1n the Puna Forest. (Ames, Tr. 
CDUA Hearing, Vol. XIII, p. 3584). 
2.3 Data on Endangered. Threatened or Rare Plants 
a. There are at least three plant species in the 
proposed geothermal subzone which have been listed by the 
u.s. Fish and Wildlife Service in 1980 as either Category 1 
or category 2 candidates tor listing as endangered species. 
Category 1 species are those for which the Service had 
sufficient 1nformation to support the biological 
appropnateness ot listing, but tor which oata still needed 
to be collected concerning the enviromental and economic 
1mpacts ot listing and designation of critical habitats. 
Category 2 species are those tor which the Service hao 
intormation 1ndicating the probable appropriateness of 
listing as endangered or threatened, but ror which 
s uft i cient 1nf ormation was not yet available to biologically 
support the listing. These three plants are: 
(l) Bobea timonioides or 'ahakea which occurs 
1n the proposed subzone, principally in 'ohl'a-a(l) and a(2) 
torests. It is uncommon except for one population in the 
northwest portion of the subzone in 'ohi'a-a(l) torest. It 
is a Category 1 species. Bobea Timonioides has also been 
sited in the Kapoho GRS, ana at two sites along the lower 
r1ft ~one outside the Kilauea middle east rift proposed 
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subzone. (Campbell's Exh. 2, pp. 4-5; State's Exh. 2, p. 
3 2) • 
( 2) Cyanea t r itomantha or "a ku 'aku is also a 
Category 1 species. It is very rare in the proposed 
geothermal subzone, where a tew small populations were round 
in 'on~'a-a(l) and a(2) forests. 
(3) Tetraplasandra halia~iensis or 'ohe is a 
Category 2 species, which has in recent years been tound 
scattered widely through Puna as scattered individuals or 
small groups between 100 and 3,100 feet elevations.· Its 
range is more extensive than previously believed and it is 
not currently considered to nave a high priority tor 
listing. (Campbell Exh. 2, pp. 4-5; Dr. Lamoureux, Tr. Vol. 
VI, November 15, 1985). 
(4) A i:ourth plant, Adenophorus periens, is a 
Category 1 species. During the U.S. Fish & Wildlife Survey 
in 197 9, one tree with a clump of ferns was found within the 
proposed subzone, but its principal remaining population is 
in the 'ohi'a-a(l) torest to the west and nortn outside of 
the proposed subzone. It may occur in small numbers in 
'oni'a-a(l) rorests ~n the western part of the subzone but 
has not been sightea there to oate. (Jacobi, Tr. Vol. v, pp. 
45-46; Campbell Exh. 2, pp. 5-6; State's Exn. 3, p. 100-
103) • 
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b. Whereas, Mr. Jacobi outlined w nat he believed 
to be a hign biologically sensitive area (Warshauer's Exh. 
2), Dr. Lamoreux stated that based on his findings, the most 
sensitive areas in the proposed subzone are those areas 
which nave been categorized as ohia-a(l). The next most 
sensitive are at least parts of the forest characterized as 
ohia-a(2), as those are the two areas within which one 1s 
likely to fino such things as rare and endangerea species. A 
large part of the area whicn is representated by the portion 
shown in white on Warshauer's Exhibit 2 consists ot fairly 
recent lava !lows. While these are of importance as far as 
supporting early stages of succession, in terms ot 
biological sensitivity, as the term would oe usually used, 
that is, the potential danger to rare and native species, 
these areas are much less sensitive. The most sensitive 
areas are the a(l) forest and the a(2) forests. (Lamoreux, 
Vol. VI, November 15, 1985, pp. 101-102). 
2.3 Data on Fauna 
a. In 1979, the u.s. Fish and Wildlife Service 
conducted a census ot native forest bird species found in 
the Puna Forest Reserve and the Wao Kele 'O Puna State 
Natural Area Reserve. The 1nformation gathered from this 
survey was compiled 1n the Hawaii Forest Biro Recovery Plan 
wnich proposed those areas ot esential habitat for native 
l:orest birds. Figure 2 ot VCA Exn. 7 shows the location ot 
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the transects used by the Service during its survey in the 
proposed subzone area. (VCA Exh. 7, Figure 2). 
b. Essential habitats have been defined for all 
endangered forest birds and the Hawaiian Crow (Alala) on the 
J.sland of Hawaii ana for the Nene on both Maui and the Big 
Island. (DOW ALD Exh. 10, P• 6) 
c. The Hawaii Fores~ Bird Recovery Plan is subject 
to modification as dictated by new findings and changes in 
species status and the completion of tasks assigned in the 
Plan. (Jacobi, Vol. I, December 19, 1984, p. 79) 
a. The area of essential habitat as defined tor 
the O'u, an endangered native forest bird in the Kilauea 
Nl.ddle East Rift Zone l.S that area above the 2,000 toot 
elevation contour which incluaes a small portion ot the 
northwest corner of the proposed subzone (Conant, Tr. Vol. 
II, November 13, 1985, p. 45; Jacobi, Tr. Vol. V, November 
15, 19851 P• 43). 
e. Areas defined as essential habitat tor the Big 
Island include grazing land, logging areas, roads and 
buildings. (Jacobi, Tr. Vol. I, p. 83). 
t. In Dr. Conant's opinion, in terms of forest 
bird nabitat, Kahauale'a is better bird habitat than the 
forests found in the proposed subzone area. 
Vol. II, November 13, 1985, p. 77). 
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(Conant, Tr. 
g. There are no recorded sightings of the O'u ~n 
the proposed subzone area. (Conant, Tr. Vol. II, November 
13, 1985, p. 663). 
n. VCA's witness, Dr. Conant, testified that there 
is a lack of ~nformation on the biology, ecology and 
population size on the O'u. Critical habitat tor the O'u 
nas still not been established (Tr. Vol. II, p. 127; Tr. 
Vol. II, November 13,1985, pp. 69-70). 
~. Species ot native birds which have been 
sighted ~n the proposed subzone are the endangered I'o and 
the Pueo. (Conant, Tr. Vol. II, November 13, 1985, p. 71; 
Jacobi, Tr. Vol. v, November 15, 1985, p. 52). 
(i) ~. The distribution of I'o or Hawaiian 
Hawk ~s widespread, however, they are found to be a little 
more abundant in some areas ot lower Puna. The I'o is also 
commonly found on the Kona Cost. It is a wide-ranging bird 
which nas been found in areas of human disturbance which 
~ndicates it may not be as sensitive to human disturbance as 
other endemic Hawaiian birds. Although the I'o is tairly 
sensitive to disturbance at the nest site, ~ts nest has 
never been tound at Kahauale'a or the Kilauea ~Iiddle East 
Rift zone. (Conant, Tr. Vol. II, November 13, 1985, p. 71; 
Jacobi, Tr. Vol. v, November 15, 1985, p. 52; BLNR's DNO, 
Fe b. 2 5 , l 9 83 , p. 4-3 7) • 
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(ii) ~. The Pueo 1s a permanent resident on 
all main islands of the Hawaiian Chain. The birds occur 
from sea level to at least 8,000 feet on Mauna Loa and Mauna 
Kea, and the birds are tolerant of wide climatic conditions. 
The Pueo differs r rom most other owls in that it is diurnal 
in nabit; hence, they are seen much more often than the 
nocturnal introduced Barn Owl (~alba). While the Pueo 
is considered endangered on-the Island of Oahu, it is not 
classified as endangered for the Isl arid of Hawaii. (State's 
Exh. 3, p. 74; Conant, Tr. Vol. II, November 13, 1985, p. 
71) • 
J• Although VCA witness Jacobi stated that another 
species of bird, tne A'o, or Newell's Shearwater, which is 
classified as a threatened species, may also use the State 
Forest Reserve lands, the only evidence found of breeding 
near the proposed subzone parcel is at Makaopuhi Crater 
where an adult A'o and an egg was found in 1972. The only 
large known nesting grounds for the Shearwater are on Kauai. 
k. VCA's witness, Mr. Jacobi, further stated that 
there were probable nesting colonies of A'o in the vicinity 
of the proposed subzone, but his only evidence was the 
reference to the nest found at Makaopuhi Crater in 1972 and 
the fact that a similar type of habitat in which A'o are 
expected to be found on the Big Island (i.e. the flanks of 
Nauna Kea) is also found 1n the Puna area. (VCA Exh. 7, Tr. 
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Vol. V, pp. 37-41; VCA Exh. 44, p. 9; Exh. 46; Tr. Vol. II, 
pp. 147-148). No live colony of A'o have ever been found in 
the area ot the proposed subzone. (Jacobi, Tr. Vol. II, p. 
14 8) • 
1. VCA witness, Dr. Kenneth Kaneshiro, an 
entomologist, stated that in the present major Hawaiian 
islands from Kauai to the Big Island, slightly more than 500 
species of an endemic fly, H-awaiian Drosophila, have been 
collected ·and described. In the University of Hawaii's 
collection are contained another 100 to 300 species of .this 
fly which are new and yet undescribed species. (Kaneshiro, 
Vol. II, November 13, 1985, pp. 15-16). 
m. While Dr. Kaneshiro thought that there may be 
unique species of Drosophila to be found in the middle east 
rift zone area, unique species of Drosophila have been found 
tnroughout the State of Hawaii. (Kaneshiro, Vol. II, 
November 13, 1985, p. 3 0). 
n. In Dr. Kaneshiro's opinion, the genetic 
processes of evolution in terms of the Drosophila are not 
more dynamic in the rainforest habitat than in dry land 
habitats. However, the older the lava flow or the 
separation or the longer the separation of the species from 
each other, the more likely will be the chances of finding 
genetic differences, which is why Dr. Kaneshiro and his 
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colleagues have studied the kipukas along the Saddle Road 
wnere the lava flows occurred about 100 years ago so that 
there's been a lot more time for differentiation to occur. 
(Kaneshiro, Vol. II, November 13, 1985, pp. 35-36, 40-41). 
o. Although Dr. Kaneshiro's position was that as 
much of the Wao Kele '0 Puna area as possible should be kept 
intact for future scientific research, Dr. Kaneshiro 
admitted that to date no such research has been conducted in 
that area due to a lack of funds and that he did not have 
such funds now to conduct any- research there. Dr. Kaneshiro 
also thought that the subzone designation itself would allow 
geothermal exploration on the property and he wasn't sure if 
scientists would be allowed to do any further work 1n Wao 
Kele '0 Puna if it were designated as a geothermal resource 
subzone. (Kaneshiro, Vol. II, November 13, 1985, pp. 30-31). 
2.4 Im~acts to Flora & Fauna 
a. Geothermal development will inc! ude certain 
activities tnat create openings in the forest. These 
openings may result in alterations in the 1 ight, tempera-
ture, and the humidity regimes at the edges of the openings, 
leading to changes in the vegetation. The extent and nature 
of this edge effect may vary with sizes of the areas 
cleared. (BLNR's DNO, February 25,1983, p. 4-35). 
b. Based on recent observations of old lava flows 
through the Kahauale'a parcel, Dr. Lamoureux, estimates that 
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"the edge effect would not be more than 50 to perhaps 100 
feet in certain areas. Therefore, the effects of land 
clearing are not likely to extend much beyond the edge of 
the cleared areas." (BLNR's DNO, February 25, 1983, p. 5-7). 
c. In contrast with the Geothermal Subzone in 
Kahauale'a, in which the forest is primarily the sensitive 
'ohi'a-a(l) type, the proposed subzone affords an 
opportunity to undertake geo_thermal development with much 
less risk ·to rare plant species. There is the opportunity 
to locate roads, drill sites, and power plants in less 
sensitive areas and to avoid, in most cases, the more 
sensitive small patches of 'ohi'a-a(l) forest. (Campbell 
Exh. 2, p. 6). 
d. Development in 'ohi'a-a(2) forests can be 
minimized by siting most development on recent lava and 
'ohi'a-uluhe areas. Much more flexibility is available in 
the proposed subzone because the mosaic nature of the 
vegetation allows a developer to site projects such that the 
most sensitive vegetation types and species are avoided as 
far as possible. (Campbell Exh. 2, p. 6). 
e. In Dr. Lamoreux's opinion, development could go 
on in the area outlined in Warshauer's Exhibit 2, as long as 
the most highly sensitive portions of that area were avoided 
without any signf icant impact on long-term succession. 
(Lamoreux, Vol. VI, November 15, 1985, p. 102). 
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3. Surface Waters 
a. Geothermal development activities should not 
directly affect existing land uses since there are no known 
surface streams in the recommended area. (DOWALD Exh. lO,p. 
12; BLNR Decision and Order; Baseline Finding 4.1.2, CDUA 
No, HA 3/2/82-146 3). 
b. Following initial development of the geothermal 
resources, the production of "potentially valuable associated 
geothermal products, demineralized water and mineral salts 
could have beneficial environmental consequences. (DOWALD 
Exh.lO, p, 12), 
c. The normal disposal practice of geothermal 
fluids is expected to be reinjection, thus avoiding any 
adverse affects on surface water. (DOWALD Exh. 10, p. 12). 
d. Discharge of geothermal fluids upon the land 
surface during limited well testing operations will not 
produce a detectable erfect on groundwater resources in the 
Puna District due to the high recharge rate by meteoric 
water in the area estimated at 4.2 million gallons per day 
per s:J:Uare mile and the natural emissions of thermal fluids 
from the rift zone estimated to be 1.4 million gallons a day 
into the basal aquifer. Current experience at HGP-A 
indicates that surface disposal ot 150,000 gallons per day 
of geothermal fluids over a period of one years has had a 
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lesser impact on nearby groundwater quality than normal 
r ai nf all variations. (BLNR Decision and Order; Baseline 
Finding 4.1.3, CDUA No. HA 3/2/82-1463). 
4. Groundwater Hydrology 
a. The hydrology of the Puna District is not well 
established. The general hypothesis, as in other parts of 
the Hawaiian islands, is that the area is an underground 
lens of basal fresh water floating on salt water, with a 
relatively narrow band of dike - confined water (not 
floating on salt water) running across the southern part of 
the District, and with a coastal zone of brackish basal 
water west of Kalapana. Underlying the rift zone area, the 
groundwater would be brackish and warm or hot. 
b. The groundwater resources of the Puna Distict 
occur in both confined and unconfined aquifers. The general 
theory is that the freshwater lens floats on salt water. 
This is based on the Ghyben-herzbeg concept which states 
that the lower density fresh water rests on the higher 
density salt water. The rule is that for each foot of 
fresh water above sea 1 evel, the fresh water extends 40 feet 
below. An allowance must be made for a mixing or transition 
zone. 
c. It appears that, in the Kilauea East Rift zone, 
the hydrology is somewhat unique. The geothermal 
reservoir's thermal and permeability properties allow fluids 
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to rise near the surf ace and to be mixed very rapidly 
through the geothermal system. In addition, as the result 
of vertical diking and fracturing that run east and west, 
there is high permeability in vertical and east-west 
directions; this causes damming or redirection of ground-
water flow. A high heaci of water exists north of the rift 
zone, whereas to the south of the rift zone, the ground 
waters are at or near sea level. (BLNR Decision and Order; 
Baseline F.lnding 4.1.2, CllJA No. HA 3/2/82-1463). 
5. Air Quality 
5.1 Air Sampling Methods 
a. There are several different air sampling 
methods: The emission rate is defined as what is emitted 
from a geothermal power plant measured at the point of 
discharge in terms such as pounds, grams, or kilograms over 
a unit period of time. The ambient concentration of a 
particular material is the amount per volume in the air in 
the environment outside the geothermal plant. The ambient 
air is what is breathed in the environment and the ambient 
concentration is the amount of a particular material in the 
air being breathe d. 
b. Baseline assessments have been made and air 
sampling has been one ot the measurements taken over an area 
extending from Royal Gardens Subdivision, which is above the 
-59-
coastal Kalapana Road in the southeast, to Captain's Drive 
roadway in the Fern Forest Estate Sudivision in the 
northeast, to the Volcano Road (Route 11) at the access 
roadway across the Shipman property in the northwest, to 
Thurston Lava Tube in the northwest, and then south of the 
Volcano Road across Kahauale'a to the lava fields and the 
Hawaii Volcanoes National Park boundary. 
c. BORON: No substantial amounts of boron appear 
in the ambient air. In the case of geothermal development, 
boron would not be released to the air, but would stay in 
the liquid phase at the separator and be returned to the 
steam field and would not go in through the turbine where it 
could be released into the atmosphere. Boron would be 
reinjected and under proper precautions, would not escape 
during the reinjection. 
d. MER<lJRY: Whether mercury poses a toxic hazard 
or not must be considered in relation to the natural 
background levels. It appears that normal background air 
levels are high, often being of the order of 0.1 to 1 
microgram per cubic meter, whereas soil levels can be in the 
range of 30 to 90 ppb (parts per billion) and rain water 0.1 
to 0.3 micrograms per liter. The levels of less than 0.1 
microgram per liter in brines are in fact local background 
levels. Mercury is not expected to be found in any 
detectable amounts from the cooling towers. 
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e. RADON: Radon is the result of the decay of 
radioactive materials that were formed when the earth was 
formed. In the decay chaining of radioactive materials, 
radon is formed as a gas. Radon exists in the reservoir at 
the Geysers and when the steam comes out of the reservoir, 
it sweeps the radon along into the power plant conversion 
and abatement system. Radon follows the noncondensable 
gases through the hydrogen sylfide abatement system and is 
then vented through the cooling tower and is mixed with a 
much larger volume of atmosphere. The mixing of the small 
volume ot radon with a 1 arge val ume of air that goes through 
the cooling tower does not accumulate in the environment but 
maintains a constant level as an equilibrium in which the 
concentration stabilizes. Equilibrium means a state of 
constant quantity where the amount ot formulation and the 
amount at aecay or destruction of the radon are equal so 
that a constant amount is maintained at any one time. 
f. HYDROGEN SULFIDE: Hydrogen sulfide is a poison 
at acute levels. Chronic exposure to low levels ot hydrogen 
sulfide has never been proven to have any demonstrable 
effects in humans or animals. Most often effects associated 
with low levels of hydrogen sulfide are those due to 
smelling a bad odor and although these effects are 
unpleasant, they do not appear to constitute a true health 
hazard. 
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(i) The ambient EPA health effects level goal 
is .207 ppm (parts per million). At 0.33 ppm level of 
hydrogen sulfide, it will have a distinct odor, and may 
cause neadaches and nausea in sensitive persons. 
(ii) The OSHA Standard is 20 ppm for a 5-
min ute period. 
(iii) The EPA has recommended as a guideline 
for geothermal systems, a maximum hydrogen sulfide emission 
level of 200 grams per megawatt hours (grams/MWH). However, 
there is no EPA recommended level for ambient air 
concentrations of hydrogen sulfide. 
(iv) There are no adopted standards in Hawaii 
for geothermal emission rate and ambient air concentrations 
for hydrogen sulfide. 
(v) The "California Standard" for geothermal 
operations is 0.03 ppm (1 hour average) at the nearest 
residential property for ambient concentrations and 
emissions per production unit to not exceed a maximum rate 
of 200 grams/MWH, with a req ui cement that compliance be 
reattained within 24 hours of notification that the standard 
had been exceeded. 
(vi) Campbell has committed to a standard of 
hydrogen sulfide emissions not to exceed 200 grams per hour 
per gross megawatt of electricity produced (200 gm/MWe/hr) 
and a regional air quality standard concentration to not 
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exceed 0.03 ppm (1 hour average) above regional background 
at the nearest residence with a requirement that compliance 
be reattained in 36 hours after notification that the 
standard has been exceeded. Campbell has also proposed that 
hydrogen sulfide ern ission from drilling and testing opera-
tions shall not exceed 2.5 kg/hr/well. 
(vii) The 0.03 ppm ambient standard for 
hydrogen sulfide represents a safe and prudent safeguard 
against public health hazards for purposes of the activities 
permitted at this time. 
(viii) The technology for abatement of 
hydrogen sulfide emissions from the proposed facilities to 
acceptable levels is available and the flash-steam cycle 
appears to be the best plan for the expected resource. The 
geothermal resource can be abated with present technology to 
meet the California Standards. 
(ix) Hydrogen sulfide abatement technology 
such as the Stretford and burner-scrubber system will lessen 
the impact on the human and natural environment more than 
conventional electrical energy production currently in 
operation today 1n Hawaii. 
g. Sulfur Dioxide: Kilauea Volcano normally 
emits 200 tons a day of sulfur dioxide and the contribution 
of sulfur dixoide from the proposed Kahauale'a project at 
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full development would only be a fraction of 1 percent of 
that amount. 
(i) Acid rain is not only the result of hydro-
gen sulfide or sulfur dioxide emissions. Other emissions 
such as nitrogen oxides, and hal ide acids are also 
necessary. In comparing the biomass and the oil-fired 
plants, their emission rates in terms of grams per hour are 
far higher for sulfur oxides and nitrogen oxides at biomass 
and oil-fired plants under current new source performance 
standards than for geothermal emissions. (BLNR Decision And 
Order: Baseline Finding 4.4.1.1, CWA No. HA 3/2/82-1463.) 
5.2 Geothermal Gas or Steam Emissions Data 
L Determinations of the exact nature of the 
geothermal gas or steam emissions expected to be released 
into the atmosphere 1s a product of (1) the current ambient 
air levels, (2) the effect of various monitoring and abate-
ment ;;rograms, (3) the size and nature of geothermal 
production operations, and (4) the relative presence or 
absence of volcanic emissions occurring naturally in the 
project areL 
b. Present ambient levels have not been well 
established. Nonetheless, mercury (a general body poison in 
sufficiently high doses) and arsenic (a known carcinogen) 
are understood to be present in the ambient air. The 
baseline data shows the entire surveyed area to have high 
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ambient levels of air mercury by Environmental Protection 
Agency standards, although not by National Institute of 
Occupational Safety and Health standards. Among a variety 
of chemicals emitted from the geothermal wells, the 
following chemicals will be present in the ambient air: 
mercury, arsenic, selenium, hydrogen sulfide, hydrogen 
selenite, and sUlfur dixoide. 
d. How effective the various monitoring and 
abatement programs will be is a function of the size and 
nature of the geothermal operations, the composition of the 
geothermal fluids, the state of the technology, and many 
related factors. 
e. The gas or steam phase from a geothermal well 
will contain carbon dioxide, hydrogen sulfide, nitrogen, 
hydrogen and traces of several other gases including radon. 
Of these, concern has been expressed about the hydrogen 
sulfide and radon. RADON: The amount of radon in the 
reservoir fluid from HGP-A is 1.82 nanocuries per kilogram 
of steam, or 1,820 picocuries per liter. 
f. HYDROGEN SULFIDE-STANDARDS: Currently, the 
State's Department of Health Ambient Air Quality Regulations 
do not set standards for hydrogen sulfide and mercury. 
California's ambient standard for hydrogen sulfide has been 
suggested by Campbell as an interim standard. There was 
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testimony that most states and countries around the world 
have stricter standards for hydrogen sulfide compared with 
California's or Campbell's proposed standard of .03 ppm. 
The Air Quality Advisory Commission's report to the 
Department of Health suggests an ambient air quality 
standard for hydrogen sulfide of .1 ppm, one hour average. 
It also recommends that no degradation of existing air 
quality exceed .025 ppm above current baseline levels. 
(BLNR Decision And Order: Baseline Finding 4.4.2.1 CDUA No. 
HA 3/2/82-1463.) 
5.3 Consequences of Air and Toxicology Data and Methods 
a. The emissions of sulfur, mercury, and other 
volcanic gases are a continuous process at Kilauea, the rift 
zone, and the adJacent forest and its inhabitants have long 
been exposed to lower levels of these potentially toxic 
emissions and intermittently to higher levels. Exposure to 
significant levels of geothermal gases are part of the norm 
for native Hawaiian plants and animals. 
b. The most important factors relevant to 
potential impacts arising from the production of geothermal 
fluids include the volumes of geothermal fluids being 
produced; the existing and projected ambient levels of the 
components to be released; the dose/response characteristics 
of potential receptors of the emissions, the duration of 
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exposure to the toxicants; and natural emission or loading 
rates of the individual components. 
c. A report recently prepared for the u.s. 
Environmental Protection Agency, Evaluation of Bact for 
and Air Quality Impact of Potential Geothermal Development 
in Ha}!'..i!J...i, analyzes most available H2S abatement systems. 
These include iron catalyst primary system; the iron 
catalyst secondary system; ~he hydrogen peroxide, caustic, 
iron catalyst (HPCC) primary system; burner-scrubber system; 
and the Stretford system. The report recommends the 
Stretford system as the primary on-line abatement system. 
This system can remove over 99% of the H2S contained in the 
noncondensable gases. By-products of the Stretford system 
include marketable elemental sulfur and sludge which 
rEquires disposal. 
d. A geothermal plant is expected to be on-line 
90-95% of the time. Contingency abatement sytems can be 
utilized in the event the plant is "down" for maintenance or 
emergency. If maintenance is rEquired on either the turbine 
or generator, the geothermal steam can be routed directly 
into the condenser utilizing the primary abatement systems. 
Since the turbine does not dissipate any heat or energy in 
the bypass mode, the cooling system must be over-designed to 
accomodate the extra heat during "turbine bypass." If the 
primary abatement system is not operational, a secondary 
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abatement system such as NaOH (caustic soda) scubbing can be 
used in combination with a rock muffler to achieve 92-95% 
H 2 s r em ov al. In emergencies, well throttling may be 
accomplished by manual valve turndown or automatic valve 
control. Throttling must be slow (at least 15 minutes) and 
can reduce the flow to a fraction of the well's maximum flow 
rate. The degree of throttling possible will depend upon 
the characteristics of each well. However, there is a 
danger that the additional stress with increased pressure 
could damage the well-bore, casing, or well-head equipment. 
If a geothermal development has more than one power plant, 
the wells could be moderately throttled and diverted to an 
operating plant. If all the above continency abatement 
options are not available, a geothermal well may have to be 
free vented through a silencer without H2 s abatement until 
the required maintenance is completed or such time as the 
well can be shut-in completely. 
~ The abated gases, condensate, and warm water 
are circulated through the cooling tower. Cooled water from 
the cooling tower is recirculated through the condenser; any 
excess water (blowdown) is piped into an injection well. It 
is expected that a wet, mechanical draft, cooling tower will 
be applied to geothermal development. Warm water enters the 
tower near the top, while a fan forces air through slats 
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designed to maximize the surface area of the falling warm 
water. Use of drift eliminators significantly reduces the 
chance that any water droplets will exit with the steam 
plume. This falling water also scrubs any particulates from 
the gas exiting the abatement system. At "The Geysers" 
geothermal development in Cal if ornia, small amounts of boron 
from the condensate has been emitted with cooling tower 
drift (small water droplets_entrained in the steam plume) 
having some advese effects on nearby vegetation. Based on 
the characteristics of the HGP-A reservoir fluids and the 
emissions from Hawaii's geothermal resources should not be 
toxic to flora and fauna in the vicinity of the geothermal 
power plant. Data available from the HGP-A indicates the 
plume from the cooling tower should consist entirely of 
water vapor. The proposed DOH regulations require 98% HzS 
abatement and a concentration of no greater than 25 parts 
per billion Hzs at the property line ot a development. 
f. In addition to cooling tower blowdown, brine 
leaving the separator will be piped into the injection well. 
If the rate of silica deposition in the brine is high, a 
silica-dropout system will be utilized between the steam-
brine separator and the injection well. Otherwise, silica 
deposition within the injection well might cause it to 
become plugged. The silica deposits will be removed 
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periodically and disposed of in an acceptable manner (DOWALD 
Exh. 11, pp. 4-6). 
6. Historic and Archeological Values 
a. There are no known archaeological sites within 
the Kilauea Middle East Rift Zone. (DOWALD Exh. 1, p. 36; 
DCWALD Exh. 10, Appendix D), 
b. If· any sites are discovered, damage can be 
minmized by adjusting the location of geothermal facilities, 
roads and pipeline alignments. (DOWALD Exh. 1, p. 36) 
~ Scenic and Aesthetic Value 
a. In some areas, with potential geothermal 
resource development the plant installation may be 
relatively unobtrusive-- where scenic view corridors are 
not damaged in the eye of nearby or medium distanced 
residents and visitors. (DOWALD Exh. 8, p. 10) 
b. Techniques of preserving aesthetic aspects of 
the landscape and natural vistas include attractive design, 
painting of structures, towers and plants with colors to 
blend in with the natural setting (DOWALD Exh. 8, p. 10). 
G. Compatibility with Present and Planned Use 
a. The proposed geothermal resource subzone in the 
Kilauea Middle East Rift Zone consists of approximately 
11,745 acres of land and is located in and adjacent to the 
Wao Kele '0 Puna Natural Area Reserve and Puna Forest 
Reserve. 
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b. The great maJority of the land within the 
proposed Kilauea middle east rift GRS is zoned Conservation 
Protective. The extreme western and southwestern areas of 
this proposed GRS is zoned agriculture. (State Exh. 2, p. 
42) • 
c. The objective of the "P" Conservation district 
is to protect valuable resources in such designated areas as 
restricted watersheds, marine, plant and wildlife 
sanctuaries, significant, historic, archaeological, 
geological and vulcanological features and sites and other 
designated unique areas. (DLNR Regulation No.4, Title 13, 
Chapter 2, 13-2-11). 
d. Agricultural districts include activities or 
uses as characterized by the cultivation of crops, orchards, 
forage, and forestry; farming activities or uses related to 
animal husbandry, and game and fish propagation; services 
and uses accessory to the above activities, including but 
not limited to, living quarters or dwellings, mills, storage 
facilities, processing facilities, maintenance facilities, 
and roadside stands for the sale of products grown on the 
premises; agricultural parks and open area recreational 
facilities; public, private and quasi-public utility lines 
and roadways, transformer stations, communications equipment 
buildings, solid waste transfer stations, major water 
storage tanks; and wind energy facilities where they are 
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compatible with agricultural uses and cause minimal adverse 
impact. (Section 205-4.5, HRS) 
e. Conservation districts include lands necessary 
for protecting watersheds and water sources; lands 
susceptible to floods, soil erosion, inundation by tsunamis 
and volcanic activity and landslides; lands used for 
parklands beaches and the preservation of scenic, historic 
-
or archaeological sites; lands below the zone of wave 
2 
action; lands with a general slope of 20% or more; lands 
with topography, soils, or climate not presently needed or 
normally adaptable for urban, agricultural or rural uses; 
and lands suitable for farming, nurseries, flower gardening, 
growing of commercial timber, grazing, hunting and 
recreation. (State Land Use District Regulations, Part II, 
Section 2-2(3)). 
f. The proposed subzone is located within a 
volcanic rift zone marked by ohia forests and lavaflows 
(DOW ALD Exh. 4). 
g. The areas to the west of the proposed subzone 
are already designated as geothermal resource subzones. 
(State Exh. 2, p. 5). 
h. There is a 2,000 foot setback on the western 
edge of the proposed subzone from the proposed Kahauale'a 
Natural Area Reserve. 
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i. The National Park Service did not express an 
objection to the adequacy of the 2,000-foot setback 
established by the DOWALD between the proposed Kahauale'a 
subzone and the Hawaii Volcanoes National Park. In fact, 
Howard H. Chapman, Regional Director, Western Region of the 
National Park Service had expressed in writing his 
appreciation of the extension of the buffer area from 1,000 
to 2,000 feet (VCA Exhibit 34; KGS 8/24/84). 
J• The 2,000 foot buffer area between the proposed 
Kahauale'a Natural Area Reserve and the proposed subzone 
will allow the potential impacts from noise and air 
emissions from any geothermal activity to be mitigated by 
the use of the best available technology and the distance 
between the two areas. 
k. The development of geothermal resources in the 
Kilauea Middle East Rift zone is consistent with the Hawaii 
State Planning Act which has an objective and policy of 
increasing energy self-sufficiency and promoting of the use 
of new energy resources; and has a priority action of 
encouraging the development of alternate energy sources 
(Sections 226-18(a)(2), 103(i)(l), HRS). The development of 
geothermal energy in the proposed subzone will provide the 
private sector with opportunities to develop latent 
geothermal energy resources in those areas where the 
potential for finding such resources is high. State and 
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county goals for the development of Hawaii's natural energy 
resources will, thus, be enhanced and furthered. 
1. The development of geothermal energy in the 
Kilauea Niddle East Rift Zone is consistent with the goals 
and policies of the Hawaii County Plan which encourages the 
development of alternate energy resources; promotes a proper 
balance between the development of alternate energy 
resources and the preservatio·n of environmental fitness; and 
encourages the use of new energy sources (County Exh. 1, p~ 
3) • 
~ Compatibility With the Goals and Obiectives of the 
Conservation District 
a. The proposed subzone is in the State Land Use 
Conservation District and in the Protected subzone 
classification. The ObJective of the Protected 
classification is to protect valuable resources in 
designated areas. (DLNR Regulation No. 4, Title 13, Chapter 
2, Section 13-2-11). 
b. Section 205-5.l(a), HRS, permits geothermal 
resource subzones to be established within State Land Use 
Conservation Districts. Act 155, Session Laws of Hawaii, 
19 84, specifically states that geothermal dev el o pme nt 
activities may be permitted within conservation land use 
districts. Both Sections 205-5.1, HRS and Act 155 do not 
exclude the designation of a geothermal subzone or 
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geothermal development activities within a Protected subzone 
of any conservation district. 
c. The use of an area tor the exploration, 
development and production of electrical energy from 
geothermal resources within a geothermal resource subzone 
shall be governed by the Board of Land and Natural Resources 
within the conservation district (Section 205-5.l(c), HRS). 
d. The proposed ·subzone is located in the 
Wao Kele '0 Puna Natural Area Reserve which is in and 
adjacent to the Kilauea East Rift zone, which is an active 
volcanic rift zone. 
e. The obJectives and goals of the Protective 
subzone do not expressly prohibit geothermal development 
activities. Conditional uses as defined in Title 13, 
Chapter 2, Section 13-2-1 (definitions) are allowable within 
the Protective subzone. 
f. section 183-41, HRS, states that the BLNR 
should allow and encourage the highest economic use of 
conservation lands. 
g. The nature of geothermal development activities 
are non-labor intensive activities and are more 
appropriately characterized as capital intensive. (EIS, 
CDUA Hearing, Appendix H, H-1; DOWALD Exh., pp. 2 and 3). 
Therefore, geothermal development activities can be allowed 
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within the Protective subzone by reducing the exposure of 
humans to the potential volcanic dangers by the strategic 
placement of powerplants, the erection of berms and plat-
forms to minimize the potential volcanic hazard, the use of 
escape roads the careful formulation of evacuation plans in 
advance of potential dangers and the close coordination of 
the operations of the geothermal project with the Hawaii 
Volcanoes Observatory to facilitate the exchange of 
important information (Written Testimony of Gerald Niimi and 
Louis capuano, BLNR Hearing, April 11, 1984). 
h. The availability of proven geothermal 
technology such as hydrogen sulfide abatement systems which 
are capable of abating hydrogen sulfide emissions to 99%; 
noise reduction technology for well-venting (in-place and 
portable rock mufflers and drilling emission abatement 
systems; drilling rig noise reduction techniques (acoustical 
baffling, hospital muffers, noise reduction enclosures); 
strategic placement of powerplants and use of landscaping to 
reduce potential visual impacts; the use of reinjection 
programs to return geothermal fluid back to the production 
zone; geothermal well storm plugs and buried cellars; raised 
platforms and berms; will reduce the potential impacts of 
geothermal development within the conservation district and 
and within areas surrounding the proposed subzone. (DCMALD 
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Exh. 9, Written Testimony of Gerald Niimi, Louis Capuano, 
BLNR hearing, April 11, 1983). 
H. Economic Impacts 
1. Probable Community Benefits of the ProJect 
a. In assessing the potential economic impacts of 
geothermal development on a state-wide and county-wide 
basis, a 20 to 30 MW scenario was assumed for purposes of 
the geothermal subzone designation process. (DOW ALD Exh. 9, 
p. vii; Yee Tr. Vol. I, November 13, 1985, p. 122). 
b. The State of Hawaii depends on petroleum 
supplies for 91.4 percent of all the energy consumed in· the 
State. The oil that Hawaii imports costs the State about 
$1.5 billion per year in funds which flow out of the State 
tor this purchase. As a consequence of the high cost of 
imported fuel, electricity rates in Hawaii are among the 
highest in the nation. The Department of Planning and 
Economic Development believes that geothermal energy is the 
largest, near-term baseload electric energy potential for 
Hawaii. Large scale development of the geothermal resources 
on the Big Island is essential to attainment of the State 
and County of Hawaii objectives of energy self-sufficiency. 
(BLNR Decision And Order: BASELINE FINDINGS 4.9.2.2., CDUA 
No. HA 3/2/82-1463) 
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c. The revenue generated by the sale of 
electricity to its customers will increase the gross product 
of the County, as well as the State. If the assumed 25MW 
plant yielded approximately 500 megawatt-hours (MW h) per day 
ot electricity at an average rate of $0.054 per kilowatt-
hour (KWh), the additional direct revenue would be 
approximately $27,000 per day or $9.9 million annually. 
This initial or direct output should stimulate·other sectors 
within .the local economy and within the State. These other 
sectors will increase their output of goods and services as. 
a result. Based on the Department of Planning and Economic 
Development's multipliers ror the State, a $1.00 increase in 
revenue can potentially increase the total output, i.e., 
di rect-pl us-indirect-plus- induced, to approximately $1.7 0. 
Theretore, the $9.9 million in direct annual revenue output 
could provide a long-run total of annual output to the State 
of approximately $16.8 million. (DOWALD Exh. 9, p. 2). 
d. A 1982 study done for the Department of 
Planning and Economic Development (DPED) indicates that 
total wage earnings for a 25 MW plant will be approximately 
$560,000 per year. Based on the 1977 DPED multipliers, the 
total impact will be approximately $1.3 million in annual 
incomes to households throughout the State when the full 
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impact of the subsequent rounds of economic activity takes 
place. 
According to the same 1982 study, a 25 MW 
geothermal plant will require approximately 25 employees to 
operate it. As a result of this direct employment, an 
estimated 57 additional jobs will be created after all the 
repercussions have taken place, both County-wide, as well as 
within the.State. (DOWALD Exh. 9, pp. 2-3). 
2. HELCO and the Development of Geothermal Resources 
a. About 60 percent of the total energy produced 
on the Big Island is generated from fossil fuels such as 
industrial and diesel oils. Due to the uncertainties of the 
price and supply of fuel oil, HELCO is seeking to ultimately 
meet electrical system demands solely from renewable energy 
sources such as geothermal. In order to encourage the 
development of geothermal resources in Puna by private 
developers, HELCO issued a Request For Proposal (RFP) 
regarding the development of the resource for electric 
generation. 
b. Furthermore, HELCO's Forecast Planning 
Committee is presently looking at a 2 percent per year load 
growth tor the Big Island over the next 20 years. Excess 
electrical energy produced by geothermal energy could be 
exported to Oahu and the other islands if the deep-water 
cable that is currently under study can be installed to 
electrically connect the islands. (BLNR Decision And Order: 
BASELINE FINDING 4.9 .2 .3 ., COO A No. HA 3/2/ 82-1463) 
3. Socio:Economic Characteristics of the Big Island's 
Puna Area. 
a. The greater Hilo area and surrounding communi-
ties, including Puna, support a current population of 
approximately 50,000 people with an employment base of 
20,000 people. 
b. In April 1980, 11,775 persons were living in 
Puna wnich constituted roughly 13 percent of the Big 
Island's population. In district size in population, Puna 
ranks third after South Hilo and North Kona. Puna's 
population density of 23 persons per s:;~uare mile is the same 
for the County of Hawaii as a whole. Within the Puna 
District, roughly 20 percent (2,246) of the residents were 
living in tne towns of Keeau, Mountain View and Pahoa. 
c. From 1960 to 1980, Puna's population growth 
rate more tnan doubled to a 234 percent increase. A 
disproportionately large part of the population growth in 
Puna occurred in the age bracket where people are most 
likely to be in the labor market from ages 22 through 44. 
As a result, the labor force on the Big Island has been 
growing faster than work opportunities there. 
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d. Economic activity on the Island of Hawaii in 
1981, was the lowest in the decade of relatively steady 
growth. Total personal income on the Big Island is the 
lowest for the four counties in the State. The major 
industries affected by low earning levels on the Big Island 
were tourism, .sugar and construction. The construction 
industry has seen its lowest activity in many years in 1981, 
and in 1982, the effect of th~ recession, tight money supply 
and high interest rates have resulted in minimal 
construction activity. 
e. One-fourth of the residents of Puna mention 
experiencing problems at the present time with services and 
t acil i ties 1 ike road, water and police. ( BLNR Decision And 
Order: BASELINE FINDING 4.9.2.4. COOA No. HA 3/2/82-1463) 
4.Potential Job Creation from the Development of 
Geothermal Resources 
a. In 1979, the total civilian labor force for the 
Big Island was 35,200 of which 2,900 or 8.1. percent were 
unemployed. In February 1982, Oahu unemployment was 5.2. 
percent as compared to 7.8 percent on the Big Island and the 
forecast is higher unemployment. 
b. One important factor in the community's 
approval of geothermal development is the hope that the 
direct application of geothermal water will create more 
jobs. Puna Hui 'Chana, a community organization which 
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represents four native Hawaiian groups in the Puna area, in 
general has expressed an attitude in favor of developing the 
geothermal resource in Puna, but not at the expense of the 
community environment. Of particular concern to young adult 
Hawaiians were jobs from which they could make a living and 
feed their f ami! ies. 
c. The overall assessment for a geothermal power 
plant up to 50 MW in power will have some impact on a 
Statewide and County-wide basis, but the impact would 
probably not be significant (DCWALD Exh.9, p. 12). 
I. Compatibility of Geothermal Development in a 
Conservation District 
1. Permissible Use in Conservation District 
Land Use Commission Conservat~on Class~fication 
a. Hawaii's land use law (HRS Chapter 205) 
classifies Hawaii's land into one of four categories: 
urban, agriculture, rural, and conservation, after which 
ditf erent agencies administer land uses. HRS 205-2 provides 
that: 
Conservation districts shall include areas 
necessary for protecting watersheds and water 
sources; preserving scenic and historic areas; 
providing park lands, wilderness, and beach 
reserves; conserving endemic plants, fish, and 
wildlife; preventing floods and soil erosion; 
forestry; open space areas whose existing openess, 
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natural condition, or present state of use, if 
retained, would enhance the present potential value 
of abutting or surrounding communities, or would 
maintain or enhance the conservation of natural or 
scenic resources; areas of value for recreational 
purposes; other related activities; and other 
permitted uses not detrimental to a multiple use 
conservation concept". (HRS 205-2) 
b. Like federal land use law (40 USC 1411-18; 43 
usc 315; 315, 869; 30 USC 181 et. seq. 30 USC 351-359. 
Regulations: 30 CFR-whole; 43 CFR subpart 2420; 43 CFR-
whole), the State recognizes that conservation lands vary in 
their use and importance in accordance with a wide variety 
of criteria. Both the federal government and the State of 
Hawaii recognize that conservation lands involve multiple 
uses which range from absolute preservation to resgulated 
uses. For example, the ocean includes a range of activities 
from estuaries to harbors. The range of activity permitted 
depends upon the ecological importance of the resource in 
tne overall environment and the relative need for human 
activity within a restricted context. With more than one-
third of the state in the conservation district, the Board 
of Land and Natural Resources has developed subclassif i-
cations of conservation land to allow for a spectrum of uses 
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to be allowed consistent with the overall purposes of the 
state's land use scheme. In the instant case, the deter-
mination of baseline information and the monitoring, 
observing, and measuring of natural resources are clearly 
within the intent and purposes of conservation district. 
c. HRS 205-5 further provides that conservation 
districts shall be governed by the Board of Land and Natural 
Resources pursuant to Section 183-41. (BLNR CONCLUSIONS OF 
LAW 8.11.1. CDUA No. HA 3/2/82-1463). 
2. Forest and Water Reserye Zones 
a. HRS 183-4l(c) provides in relevant part that: 
(1) The department may establish 
subzones within the forest and water 
reserve zones, which subzones shall be 
restricted to certain uses. In 
establishing permitted uses in the 
subzones, the department shall give full 
consideration to all available data as to 
soil classification and physical use 
capabilities of the land so as to allow 
and encourgage the highest economic use 
thereof consonant with requirements for 
the conservation and maintenance of the 
purity of the water supplies arising in or 
running or percolating through the land. 
-84-
The department shall also give full 
consideration to the preservation of open 
spaces or areas, as defined in section 
201-21(7), so as to maintain, improve, 
protect, limit the future use of, or 
otherwise conserve open spaces and areas 
for public use and enjoyment. Provided, 
the board shall hold a public hearing in 
every case J.nvolving the proposed use of 
land in a conservation zone for commercial 
purposes, at which hearing interested 
persons snall be affored a reasonable 
opportunity to be heard •• 
(2) Review of zones established by this part. 
The department, ••• shall undertake to 
review the boundaries of all forest and 
water reserve zones within each county 
with the view of making necessary 
corrections and establishing subzones 
within the zones, and fixing permissible 
uses therein. The department shall, after 
review, prepare a proposed set of 
regulations, complete with necessary maps, 
establishing zone and subzone boundaries, 
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and designating permitted uses therein 
. . When adopted and after promulgated 
as required by law, the regulation shall 
have the force and effect of 1 aw. 
(3) Scope of zoning regulations. The depart-
ment shall, after notice and hearing as 
provided herein, adopt such regulations 
governing the use of the land within the 
boundaries of the forest and water reserve 
zones as will not be detrimental to the 
conservation of necesary forest growth and 
the conservation and development of water 
resources adequate for present and future 
needs and the conservation and preser-
vation of open space areas for public use 
and enjoyment. 
The department by means of regulations 
may establish subzones within any forest 
and water reserve zone and specify the 
land uses permitted therein which may 
J.nclude, but are not limited to, farming, 
flower, gardening, operation of nurseries 
or orchards, growth of commercial timber, 
grazing, recreational or hunting pursuits, 
or residential use. The regulations may 
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also control the extent, manner, and times 
of the permitted uses, and may spec if i-
cally prohibit unlimited cutting of forest 
growth, soil mining, or other activities 
detrimental to good conservation practices 
. . . 
b. The statutory language clearly anticipates a 
variety of uses which "are not limited to" the enumerated 
list. The section goes on to provide that "(t}he regula-
tions may also control the extent, manner, and times of the 
permitted uses, and may specifically prohibit ••• activi-
ties detrimental to good conservation practices." 
c. The multiple uses outlined in HRS 183-41 
reflect a weighing of long term environmental values against 
limited categories of human needs. For example, the long 
term protection of the watershed must be balanced with the 
need to withdraw water for domestic use. Likewise, a 
project which rEquires unique location within a conservation 
zone and benefits the larger public may be necessary while a 
project easily sited elsewhere might not be proper. For 
example, a hydroelectric dam which serves a larger 
population may be uniquely and properly located in a conser-
vation district to take advantage of a waterfall; whereas a 
multi tude of single family homes would be inappropriate E!ITen 
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though both are similarly intrusive. The unique balancing 
depends upon more specific factors developed and authorized 
by the Board's zoning regulations. 
d. Baseline studies and regulated exploration 
activities to observe, monitor, and measure a resource are a 
permitted use in the conservation district consistent with 
the provisions of HRS 183-41 and Title 13, Chapter 2 of the 
Department's Administrative R_ules. (BLNR Conclusions of Law 
8.1.1.2 CDUA No. HA 3/2/82-1463) 
3. DLNR Conservation Definition: 
a. The Board's administrative rules define 
conservation to mean: 
A practice, by both government and private 
landowners, of protecting and preserving, by 
Judicious development and utilization, the 
natural and scenic resources attendant to land 
• • 
• to ensure optimum long-term benefits for 
the inhabitants of the State. (DLNR 13-2-1) 
b. This definition reiterates the balance of 
values and multiple use character of conservation lands. 
(BLNR Conclusions of law 8.1.1.3 CllJA No. HA 3/2/82-1463) 
4. Protection (Pl Subzone Uses Allowed in Limited 
Subzone 
a. DLNR Administrative Rule 13-2-11 outlines per-
mitted uses in the Protective subzone, Section 13-2-11 provides: 
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The following uses are permitted ••• : (l) 
research, recreational, and educational uses 
which require no physical facilities; (2) 
establishment and operation ot marine, plant, 
wildlife sanctuaries and refuges, wilderness 
and scenic area, including habitat 
improvements; (3) restoration or operation of 
significant historic and archaeological sites 
listed on the national or state register; (4) 
maintenance and protection of desired 
vegetation; • ; (5) programs for control of 
animal, plant, and marine population, to 
include fishing and hunting; (6) .monitoring, 
observing, and measuring natural resources; (7) 
occasional use; and (8) governmental use not 
enumerated herein where public benefit 
outweighs any impact on the conservation 
district. [DLNR 13-2-11 (c) (1- 8)] 
b. The research of baseline environmental 
conditions is clearly a permitted use in paragraph (b), 
subparagraphs (l), (6), and (7). The exploration activities 
authorized by this order are specifically tailored to 
research, monitor, observe, and measure the natural 
geothermal resources in a specific area, and are also 
permitted uses. As discussed below, the Board may set 
-89-
conditions consistent with the nature and purposes of the 
subzone to protect the environment, restore historical and 
archaeological sites, maintain and protect desired 
vegetation, and permit occasional uses within the overall 
purpose of the conservation district. (BLNR Conclusions of 
Law 8.1.2.2., CDOA No. HA 3/2/82-1463) 
s. Conditional Use Definition: 
a. DLNR Administrative Rule 13-2-1 defines 
"conditional use" to mean: 
••• a use, other than a permitted use ••• 
which may be allowed by the Board under certain 
conditions as set forth in this chapter as 
determined by the Board. (DLNR 13-2-1) 
b. Zoning regulations adopted by the Board outline 
standards comprising of 15 conditions, 4 guidelines, 4 
possible deviations, and a governmental compliance 
requirement for conditional uses considered by the Board. 
(BLNR Conclusions of Law 8.1.2.3, CilJA No. HA 3/2/82-1463) 
6. Purvose and Intent of Conservation District 
a. 
In reviewing applications, the following guide-
lines shall apply: ••• (4) All applications 
shall meet the purpose and intent of the 
State's conservation district. [DLNR 13-2-
2l(b)(4)] 
b. The Board has approved a number of water wells 
drilled for both exploratory and development purposes within 
-90-
both the protection and limited subzones of the conservation 
district. 
c. Baseline and geothermal exploration activities 
are consistent with the definition and purposes of conserva-
tion in section 13-2-1, HRS 205-2; and HRS 183-41. (BLNR 
Conclusions of Law 8.2.1.1 CWA No. HA 3/2/82-1463) 
CONCLUSIONS OF LAW 
a. That the DOWALD staff properly assessed the 
seven factors delineated in Act 296. Those seven factors 
were: 
(i) The area's potential for the production of 
geothermal energy; 
(ii) The prospects for the utilization of 
geothermal energy in the area; 
(iii) The geologic hazards that potential 
geothermal proJects would encounter; 
(iv) Social and environmental impacts; 
(v) The compatability of geothermal 
development and potential related industries with present 
uses of surrounding land and those uses permitted under the 
general plan or land use policies of the county in which the 
area is located; 
(vi) The potential economic benefits to be 
derived from geothermal development and potential related 
industries; and 
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(vii) The compatability of geothermal 
development and potential related industries with the uses 
permitted under sections 183-41 and 205-2, where the area 
falls within a conservation district. 
In addition, the Board shall consider, if 
applicable, objectives, policies and guidelines set forth in 
part I of Chapter 205 A, and the provisions of Chapter 226, 
b. Upon an assessme-nt of these criteria, DOW ALD 
properly concluded that based upon currently available 
information that approximately 11,745 acres of the Kilauea 
Middle East Rift Zone, Puna, Hawaii, were appropriate for 
designation as a geothermal resource subzone, as the 
assessment showed that this particular subzone demonstrated 
an acceptable balance among the criteria set forth in Act 
296. 
c. That the Board, after further examination of 
the evidence presented, finds that Campbell's proposed 
modification to the subzone proposal as seen on Campbell 
Exhibit 3 demonstrates an acceptable balance among the 
criteria set forth in Act 296 and takes into account the 
factor of geologic hazard and is thus, a more appropriate 
area for designation as a geothermal resource subzone and 
such modification shall be accepted by the Board. 
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d. That a contested case was not required for the 
designation process and that the hearing held by the Board 
of Land and Natural Resources was for the purposes of 
obtaining additional information to aid the Board in its 
decision whether or not to designate approximately 11,745 
acres at Kahauale'a, Puna, Hawaii, as a geothermal resource 
subzone. 
PROPOSED ORPER 
The Board of Land and Natural Resources after 
assessing all of the information made available to them as 
related to the criteria set forth in Act 296, SLH 1983 finds 
that approximately 11,745 acres at the Kilauea Middle East 
Rift Zone, Puna, Hawaii, as outlined in Campbell's Exhibit 
3, is appropriate for designation as a geothermal resource 
subzone. 
It is hereby ordered that: 
Approximately 11,745 acres at the Kilauea Middle 
East Rift zone, Puna, Hawaii is hereby designated as a 
geothermal resource subzone. 
Done at Honolulu, Hawaii, this day of 
·---' 1985. 
BOARD OF LAND AND NA'lURAL 
RESOORCES, STATE OF HAWAII 
By-----
SUSJMU ONO, Chairman 
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I. FINDINGS OF FACT 
A. Introduction 
1. This contested case administrative proceeding dealt with 
the proposed designation of the Kilauea Middle East Rift Zone as a 
geothermal resource subzone (hereinafter "GRS"). 
2. The Kilauea Middle East Rift Zone is located between the 
western boundary of the Kamaili GRS and the eastern boundary of 
Campbell Estate's land at Kahaualea as shown on State Ex. 4, and the 
attached Figure 1. 
a. The proposed GRS includes 11,7 45 acres, of which 
approximately 10,413 acres are zoned conservation and 
1,332 acres zoned agricultural. (Written Testimony of 
Manabu Tagomori, .p. 20)* 
b. The conservation area is presently designated as the 
Wao Kele '0 Puna Natural Area Reserve and the Puna 
Forest Reserve. The extreme eastern and 
southeastern areas of this proposed GRS is zoned 
agricultural. (State Ex. No. 2, p. 42) 
c. Property in the. middle east rift zone is owned by two 
large area landowners, the State of Hawaii and 
Campbell Estate. Smaller holdings owned by various 
individuals are found in the eastern and southeastern 
areas of the proposed GRS in the agricultural 
classified lands. (State Ex. No. 2, p. 12) 
d. At present approximately 11,064 
and 681 are privately owned. 
Manabu Tagomori, p. 20) 
acres are State-owned 
(Written Testimony of 
3. On December 12-19, 1984, the Board of Land and Natural 
Resources (hereinafter "BLNR") conducted a contested case proceeding 
to determine whether 5, 300 acres of land at Kahaualea, Puna, Hawaii, 
located in the Kilauea Upper East Rift Zone should be designated a 
geothermal resource subzone. 
4. Pursuant to its Decision and Order dated 12/28/84, 
BLNR instructed the Division of Water and Land Development 
(hereinafter "DOWALD") of the Department of Land and Natural 
Resources (hereinafter "DLNR") to assess the feasibility of designating 
the adjacent state and private lands situated at Puna, Hawaii, in the 
Kilauea Middle East Rift Zone as a possible geothermal resource 
subzone. (Decision and Order, G.S. No. 8/27/84-1) 
*All references to written testimony refer to the current contested case 
hearing, G.S. No. 9/26/85-5, unless otherwise noted. 
.. 
5. DOWALD conducted an assessment of the Kilauea Middle 
East Rift Zone as a possible geothermal resource subzone and 
recommended its designation in Circular C-114 (State Ex. 2) and as 
shown on State Ex. 4. 
6. DOWALD's assessment of the Kilauea Middle East Rift 
Zone utilized currently available information and incorporated all 
previous records relating to geothermal sub zoning, exploration and 
development (Act 296, Section 3, SLH 1983; §205-5.2(C), HRS)). 
7. On March 13, 1985 at Keaau, Hawaii, and May 15, 1985, 
Pahoa, Hawaii, DOWALD conducted public informational meetings on the 
proposed designation of the Kilauea Middle East Rift Zone as a 
geothermal resource subzone. (State Ex. 2, p. 6) 
8. DOWALD also sought information by means of letter 
requests to persons previously involved in this matter and other 
persons who attended the public informational meeting. (State Ex. 2, 
p. 6) 
9. DOWALD also met informally with many individuals, 
including consultants and the parties and witnesses involved in this 
proceeding, throughout the assessment and public hearing process to 
receive and seek information pertaining to the designation of the 
Kilauea Middle East Rift GRS. (Written Testimony of Manabu 
Tagomori, pp. 7 and 8) 
10. The BLNR conducted a public hearing on September 26, 
1985 at Pahoa, island of Hawaii, regarding the proposed designation of 
the Kilauea Middle East GRS. (State Ex. 1, p. iii) 
11. A contested case proceeding on the proposed 
designation of the Kilauea Middle East Rift GRS was requested at the 
September 26, 1985 public hearing. (Transcript of Public Hearing held 
on 9/26/85) 
12. The contested case proceeding was conducted by the 
BLNR on November 13-15, 1985, in Hilo, island of Hawaii, Hawaii. 
13. The following DLNR records and files were incorporated 
in the November 13-15, 1985 contested case proceeding: 
a. CDUA No. HA-3/2/82-1463 filed by the Estate of James 
Campbell. 
b. All records of Public Informational Meetings and 
Transcripts of Public Hearings held as part of the 
Geothermal Subzoning Process for the Kilauea Middle 
East Rift Zone. 
c. All transcripts and exhibits of the Contested Case 
Hearing G.S. 8/27/84-1 for designation of the Kilauea 
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B. Issues 
Upper East Rift, Island of Hawaii, as a Geothermal 
Resource Subzone. 
1. Act 296, SLH 1983 establishes the factors which shall be 
assessed in designating a geothermal resource subzone: 
a. The area's potential for the production of geothermal 
energy; 
b. The prospects for the utilization of geothermal energy 
in the area; 
c. The geologic hazards that potential geothermal projects 
would encounter; 
d. Social and environmental impacts; 
e. The compatibility of geothermal development and 
potential related industries with present uses of 
surrounding land and those uses permitted under the 
general plan or land use policies of the county in 
which the area is located; 
f. The potential economic benefits to be derived from 
geothermal development and potential related 
industries; and 
g. The compatibility of geothermal development and 
potential related industries with the uses permitted 
under sections 183-41 and 205-2, where the area falls 
within a conservation district. 
h. In addition, the board considered, where applicable, 
objectives, policies and guidelines set forth in part I 
of chapter 205A, the Hawaii Coastal Zone Management 
Act, and the provisions of chapter 226, the Hawaii 
State Planning Act. (§205-5.2(b), HRS; Chapter 
13-184, Hawaii Administrative Rules of the DLNR; State 
Ex. 14, p. 3) 
2. Designation of geothermal resource subzone shall be 
based upon the findings of the BLNR that a particular area best 
demonstrates an acceptable balance between the factors set forth in 
§205-5.2(b), HRS. (§205-5.2(d)(3), HRS) 
3. At issue is whether the area described in State Exhibits 
No. 1 and 2 and proposed by DLNR demonstrates an acceptable balance 
between the factors set forth in §205-5. 2 (b), HRS and consequently 
should be designated as a geothermal resource subzone. 
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C. Act 296, SLH 1983, Factors - Potential for Production of 
Geothermal Energy 
1. A Geothermal Resources Technical Committee was formed 
to assist the DLNR in locating potential geothermal resource areas for 
electrical power generation. The Committee members consisted of 
experts in the field of geothermal resources in Hawaii. (State Ex. 6, 
G.S. No. 8/27/84-1) 
2. The statewide geothermal resource assessment, as 
mandated by Act 296, SLH 1983, was made on a county-by-county 
basis and was based on a qualitative interpretation of regional surveys 
and available exploratory drilling data going back 15 to 20 years. 
(State Ex. 6, G.S. No. 8/27/84-1) 
3. The committee's assessment was based on the following 
types of geological, geophysical and geochemical data: (State Ex. 6, 
G.S. No. 8/27/84-1, pp. 3-5) 
a. Ground water temperature data. Near surface water 
having temperatures significantly above ambient, 
indicative of a possible nearby geothermal reservoir. 
b. Geologic age. Recent eruptive activity and the 
evidence of surface features such as rift zones, 
calderas, vents and active fumaroles. 
c. Geochemistry. Ground water having geochemical 
anomahes related to the interaction between high 
temperature rock and water. Some of the indicators of 
thermally altered ground water are anomalously high 
silica (Si0 2 ), chloride (Cl) and magnesium (Mg) 
concentrations. In addition, the evidence of above 
normal concentrations of trace and volatile elements 
such as mercury (Hg) and radon (Rn) may indicate 
leakage of geothermal fluids into nearby rock 
structures. 
d. Resistivity. The electrical resistivity of the 
subsurface rock formation is affected by the salt 
content and temperature of circulating ground water. 
Therefore rocks saturated with warm saline 
ground water have lower resistivities than rocks 
saturated with colder ground water. 
e. Infrared surveys. Infrared studies of land surface 
and coastal ocean water can identify thermal spring 
discharges and above-ambient ground temperatures. 
f. Seismic. Seismic monitoring of the frequency and 
clustering of earthquakes can identify earthquake 
concentrations that may be related to geothermal 
systems. 
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g. Magnetics. Aeromagnetic surveys have identified 
magnetic anomalies associated with buried rift zones 
and calderas. Also, rocks at high temperature or 
those that have been thermally altered, have 
substantially different magnetic properties than normal 
rock strata. 
h. Gravity. Gravity surveys can provide information on 
the location of subsurface structural features such as 
dense intrusive bodies and dike zones. 
i. Exploratory drilling. Data acquired from deep 
exploratory wells can confirm the existence of high 
temperatures and determine if there is adequate 
permeability necessary for development. 
j. Self-potential. Self-potential anomalies (natural 
voltages at the eal!th's surface) have been found to be 
highly correlated with subsurface thermal anomalies 
along the Kilauea East Rift. 
4. One of the most important conditions in a productive 
geothermal system is a permeable zone that permits adequate recharge 
of water to the reservoir. This criterion was considered and 
discussed with respect to all available information. Only exploratory 
drilling and flow testing of deep exploratory wells can confirm the 
permeability of an aquifer. (State Ex. 6, G.S. No. 8/27/84-1, p. 12) 
5. The conclusions of the Technical Committee demonstrated 
that no single geothermal exploration technique, except for exploratory 
drilling, is capable of positively identifying a subsurface geothermal 
system. (State Ex. 6, G.S. No. 8/27/84-1, p. 12) 
6. The selection of a high temperature resource area was 
based on the area's potential for production of electrical energy. The 
consensus of the Technical Committee was that present day technology 
requires a geothermal resource to have a temperature greater than 
125°C at a depth of less than 3 km to make production of electrical 
energy feasible. (State Ex. 6, G.S. No. 8/27/84-1, p. xii) 
7. Upon evaluation of the data and review of the list of 
percent probabilities, the Technical Committee identified seven High 
Temperature Potential Geothermal Resource Areas in the State of 
Hawaii. The criterion for selection of high temperature resource areas 
was agreed to be those areas having an assessed probability of at least 
25% chance of finding a high temperature (greater than 125°C) 
resource at depths less than 3 km. 
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Area 
Haleakala S. W. Rift Zone, Maui 
Haleakala East Rift Zone, Maui 
Hualalai, Hawaii . . . . 
Mauna Loa S. W. Rift Zone, Hawaii • 
Mauna Loa N. E. Rift Zone, Hawaii . 
Kilauea S. W. Rift Zone, Hawaii . . 
Kilauea East Rift Zone, Hawaii 
(State Ex. 6, G.S. No. 8/27/84-1) 
Percent Probability 
25% or less 
25% or less 
35% or less 
35% or less 
35% or less 
Greater than 90% 
Greater than 90% 
8. The Kilauea Middle East Rift is located within the Kilauea 
East Rift Zone adjacent to the lower east rift area now designated as 
the Kamaili GRS and the upper east rift area known as Kahaualea. 
(State Ex. No. 4) 
9. Currently available studies indicate that a geothermal 
resource is present along the entire length of the Kilauea East Rift 
Zone. (State Ex. 6, G.S. No. 8/27/84-1, p. 8) 
10. Commercially feasible quantities of steam have been 
confirmed by deep exploratory drilling on the lower rift zone. (State 
Ex. 6, G.S. No. 8/27/84-1, p. 8) 
11. On the basis of positive geochemical and geophysical 
data and the recent eruptive and intrusive activity along the Kilauea 
East Rift Zone, it is found that there is a greater than 90% chance of 
finding a high temperature (greater than 125°C) resource at depths 
less than 3 km. (State Ex. 6, G.S. No. 8/27/84-1, p. 8) 
12. The Kilauea Middle East Rift zone, located between the 
western boundary of the Kamaili geothermal resource subzone and the 
eastern boundary of Campbell Estate's land at Kahaualea is estimated at 
having a greater than 90% chance of finding a high temperature 
(greater than 125°C) resource at depths less than 3 km. (Written 
Testimony of Manabu Tagomori, p. 10; State Ex. No. 2, p. 4) 
13. The BLNR finds that the Kilauea Middle East Rift Zone, 
as proposed for GRS designation, possesses a high potential for a 
developable geothermal resource. 
D. Act 296, SLH 1983, Factors - Prospects for Utilization of 
Geothermal Energy 
1. Prior permit applications and developer interest 
expressed to DLNR and the County of Hawaii over the Kilauea Middle 
East Rift Zone, indicate that the prospects for utilization of the 
proposed subzone for geothermal exploration and development are 
good. (State Ex. 41, G.S. No. 8/27/84-1, p. 51) 
2. The developer interest in the Kilauea East Rift Zone was 
stimulated by a request for proposal (RFP) issued in 1980 by Hawaiian 
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Electric Light Company, Inc. (HELCO) for geothermally generated 
electrical power to meet their projected power requirements in 1988. 
(Written Testimony of Robert Chuck, G.S. No. 8/27/84-1, p. 30) 
integral 
Hawaii. 
112-114) 
3. HELCO desires to utilize geothermal energy as an 
part of their electrical resource production for the island of 
(Testimony of Alva Nakamura, Transcripts Vol. No. IV, p. 
4. True/Mid-Pacific Geothermal Venture has successfully 
passed the qualifying Phase I which required preparation of a 
comprehensive development plan for the Kilauea East Rift Zone. 
(Written Testimony of Robert T. Chuck, G.S. No. 8/27/84-1, p. 30) 
5. If a firm commitment is made to install a 13 MW 
geothermal plant by the fall of 1988, HELCO can defer installation of 
an additional diesel generator until 1991. (VCA Ex. 12) 
6. A deep water electrical transmission cable connecting the 
islands would significantly increase the demand for geothermal 
electricity. (State Ex. 14, G.S. No. 8/27/84-1; Written Testimony of 
Donald Thomas, p. 3) 
7. Although the ultimate schedule for producing a 
commercial undersea cable is presently unknown, the design and 
construction of a prototype cable is projected for 1987 when a 
30, 000-foot length of test cable will be laid in the ocean channel 
between the Big Island and Maui. (Testimony of Stanley Tanno, G.S. 
No. 8/27/84-1) 
8. In order to meet the projected electrical demand 
generated by the installation of an inter-island cable, geothermal 
resource exploration must begin immediately because of the time 
required to prove the geothermal resource. (Testimony of Donald 
Thomas, Transcript Vol. IV, p. 156-158) 
9. HELCO plans to replace diesel-powered electricity with 
geothermal-powered electricity as geothermal electricity becomes 
available and the diesel-powered generators are retired. (VCA, Ex. 
12; Testimony of Alva Nakamura, Transcript Vol. No. IV, p. 114) 
10. HELCO is constructing a cross-island transmission line 
to transport electricity from east Hawaii, where geothermal resources 
are located, to west Hawaii where HELCO believes electrical demand 
may increase. (Testimony of Alva Nakamura, Transcript Vol. IV, p. 
115) 
11. Although HELCO's 5-year forecast projects the island of 
Hawaii's electrical demands as fairly stable, the actual electrical use 
has exceeded the current year's projections. (Testimony of Alva 
Nakamura, Transcript Vol. IV, p. 109-110) 
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12. If HELCO replaced all fossil-fuel energy resources with 
alternate energy resources, HELCO would require in excess of 100 
megawatts of alternate energy electrical power. (Testimony of Alva 
Nakamura, Transcript Vol. IV, p. 127) 
13. The BLNR finds there is a definite interest in the 
exploration, development and production of geothermal resource energy 
in the proposed Kilauea Middle East Rift GRS. 
E. Act 296, SLH 1983, Factors - Geologic Hazards 
1. The same volcanic activity along the Kilauea East Rift 
Zone which provides the ultimate source of geothermal heat is also a 
hazard to geothermal development. (State Ex. 12, G.S. No. 8/27/84-1 
and p. vii, CDUA No. HA 3/2/82-1463, p. 4-47) 
2. Potential geologic hazards include lava flows, pyroclastic 
fallout, ground cracks, earthquakes, subsidence, and tsunami. 
(Written Testimony of Manabu Tagomori, p. 11; Written Testimony of 
Donald Thomas, p. 4-5) 
Lava Flow Hazards 
3. Time and location of eruptions cannot be predicted with 
any degree of certainty. (State Ex. 6, G.S. No. 8/27/84-1, p. B-54; 
Testimony of Chuck Helsley and Richard Moore, G.S. No. 8/27/84-1) 
4. The elevation of mildly sloping ridges north of the 
Kilauea Middle East Rift Zone axis offer protection from lava hazards. 
(Written Testimony of Manabu Tagomori, p. 11) 
5. Several construction techniques are available which can 
mitigate the damage caused by lava flows; these include strategic 
siting, diversion berms and barriers, enclosed well cellars, evacuation 
planning, use of "bridge plugs", and decentralization of power plants 
to lessen the chance that one lava flow could damage a large capacity 
plant (State Ex. 12, G.S. No. 8/27/84-1, pp. 5, 12; Written Testimony 
of Donald Thomas, p. 5-6; Written Testimony of Gerald Niimi, p. 3-5). 
6. Puu O'o is presently providing the least resistive path to 
the surface for intrusive magma in the Kilauea East Rift Zone. It is 
unlikely that eruptions will occur downrift while the Puu O'o eruptions 
continue. However, it is not possible to accurately predict the precise 
time and place of future activity. (State Ex. 2, p. 38) 
7. Pipeline supports can be protected against flows with 
localized barriers or support structures. (State Ex. 12, G.S. No. 
8/27/84-1, p. 7 and Testimony of Gerald Niimi, G.S. No. 8/27/84-1) 
8. If a sufficiently large hill is not available, a plant or 
well could be protected by constructing an earth-and-rock platform 
several meters high. Depending on the perceived risk from lava flow 
hazard, wells or plants can be sufficiently fortified to withstand almost 
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any lava flow (Mullineaux and Peterson, 1974). (State Ex. 12, G. S. 
No. 8/27/84-1, p. 6) 
9. Comprehensive evacuation plans can be designed to 
assure worker safety. Warning time prior to inundation can be as 
little as one hour (Moore, 1984) to eruption. Procedures can be 
established to protect equipment. Multiple access roads can be 
provided in the event one gets covered by a flow. (State Ex. 12, 
G.S. No. 8/27/84-1, p. 7; Written Testimony of Gerald Niimi, p. 4-5) 
10. The developers can coordinate contingency planning 
with government field geologists (e.g. Hawaiian Volcano Observatory) 
and local civil defense authorities to ascertain when an eruption 
appears imminent and what subsequent action should be taken. Escape 
and abandonment procedures may be flexible but should be 
predetermined and clear. The developers have been giving this area 
their attention. (State Ex. 12, G.S. No. 8/27/84-1, p. 7) 
11. Trip wires, placed in the expected lava flow paths, can 
alert development personnel as to the distance and speed of the 
oncoming flow. The crew can then take appropriate action in accord 
with their preexisting evacuation plan (Niimi, 1984). (State Ex. 12, 
G.S. No. 8/27/84-1, p. 7) 
12. Well heads and valves will not melt when covered by 
lava. (Campbell Ex. 2, G.S. No. 8/27/84-1, p. 4) 
Hazards from Pyroclastic Fallout 
13. The weight and depth of pyroclastic fallout can be 
appreciable as far as even 500 or 1, 000 meters away from an eruptive 
vent or fissure. Large fragments tend to fall close to the vent 
building cones that may be tens of meters high. Smaller particles can 
form a long, narrow blanket many feet thick downwind of the vent. 
(State Ex. 12, G.S. No. 8/27/84-1, p. 2) 
14. Protecting structures or machinery against damage by 
pyroclastic fallout can be achieved by enclosing those parts vulnerable 
to abrasion or contamination. Building roofs should be strong, having 
a sufficient pitch so that pyroclastic fallout does not accumulate. 
(State Ex. 12, G.S. No. 8/27/84-1, p. 7) 
Hazards from Ground Cracking and Subsidence 
15. Ground cracking and subsidence related to magma 
movements is concentrated in the volcanic rift zones which are clearly 
defined and narrow features along the entire Kilauea East Rift Zone. 
(State Ex. 12, G.S. No. 8/27/84-1, pp. 3, 22, 35) 
16. Most cracks are vertically pitched making it unlikely, 
but possible, that a vertical crack would intercept a vertical well bore. 
(State Ex. 12, G.S. No. 8/27/84-1, pp. 3, 4) 
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17. Contingency planning would include the best available 
methods for sealing a well bore should a crack intercept a producing 
well. (Written Testimony of Manabu Tagomori, p. 11) 
18. Tectonic ground cracking is 
definable zones such as in the Hilina and Koae 
Ex. 12, G.S. No. 8/27/84-1, p. 3) 
usually localized in 
fault systems. (State 
19. Any cracks that develop below the caprock in a 
geothermal reservoir will not be a problem. (Testimony of Dallas 
Jackson, G.S. No. 8/27/84-1) 
20. A fault could intersect a well-bore without causing any 
damage. The fault could seal off the well or the faulting could crimp 
the end of the casing and not allow the fluids to escape. (Testimony 
of Dallas Jackson, G.S. No. 8/27/84-1) 
21. In Hawaii, subsidence from geothermal fluid withdrawal 
is not likely to be a problem, since the islands are generally composed 
of self-supporting basaltic rock. (State Ex. 2, p. 41) 
Hazards from Earthquakes 
22. The largest recent earthquake (magnitude 7 .2) occurred 
in 1975 about 5 Km southwest of Kalapana. (State Ex. 2, p. 39) 
23. Most earthquakes in Hawaii are volcanic; resulting from 
near-surface magma movements. They are small in magnitude and 
usually cause little direct damage. (State Ex. 12, G.S. No. 8/27/84-1, 
p. 4) 
24. Geothermal 
withstand an earthquake of 
8/27/84-1, p. 8) 
power plants 
7.5 magnitude. 
could be constructed to 
(State Ex. 12, G. S. No. 
25. Geothermal facilities can be designed 
earthquakes which occur within normal ranges in Hawaii. 
of Joe Kubacki, G.S. No. 8/27 /84-1) 
to resist 
(Testimony 
26. A November 1983 earthquake registering 6. 6 on the 
Richter scale located in the Saddle area between Mauna Loa and Kilauea 
did not cause any damage to the HGP-A facilities. (Testimony of 
Richard Moore, G.S. No. 8/27/84-1) 
27. Earthquakes are more frequent south of the east rift 
zone as substantiated by data collected by the Hawaiian Volcano 
Observatory. (Written Testimony of Manabu Tagomori, p. 12) 
Tsunamis 
28. Tsunami hazard is localized to a zone of land at most 2 
km wide around the coast, and at elevations below about 75 feet. 
(State Ex. 2, p. 41) 
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29. This will not be a hazard to developments in the 
proposed Kilauea Middle East Rift GRS as elevations are generally 
above 1400 feet. (State Ex. 2, p. 41) 
Risk of Loss from Geologic Hazards 
30. Geothermal development investors bear the economic risk 
of loss resulting from geologic hazards. Consequently, developers 
have a clear economic incentive to utilize appropriate mitigation 
measures and to select sites which offer the optimum balance of safety 
and productivity. Policy regarding assigning and clarifying risks of 
loss may be implemented by imposing conditions to be met by 
development investors prior to the granting of a geothermal resource 
permit by the State (conservation district) or Counties (urban, rural, 
or agriculture districts). (State Ex. 12, G.S. No. 8/27/84-1, 
pp. 8, 9; Written Testimony of Gerald Niimi, p. 3) 
31. The BLNR finds t-hat the geologic hazards associated 
with geothermal development in the proposed Kilauea Middle East Rift 
GRS can be mitigated by developer action and subsequent governmental 
permitting conditions. 
F. Act 296, SLH 1983, Factors - Social and 
Environmental Impacts 
1. Social and environmental concerns include air emissions, 
liquid effluents, noise, impact to lifestyle, culture and community 
setting, aesthetics, and impact to flora and fauna. (Written Testimony 
of Manabu Tagomori, p. 13; Written Testimony of Donald Thomas, p. 
6; Written Testimony of Gerald Niimi, p. 6-9) 
Air Emissions 
2. The health aspects of air emissions resulting from 
geothermal resource development involve the effects of chemical, 
particulate, and trace element emissions on the physical environment 
and on residents in the vicinity. Hydrogen sulfide (H 2 S) and sulfur 
dioxide (SO 2 ) are the major gaseous compounds concerned, but the 
naturally existing or ambient air of the volcanic regions also contains 
these compounds. (State Ex. 8, G.S. No. 8/27/84-1, p. 1) 
3. Quantification of pre-development concentrations of 
naturally occurring emissions in geothermal rift zones is essential in 
order to assess any future changes in emission concentrations resulting 
from development of the geothermal resources. (State Ex. 10, G.S. 
No. 8/27/84-1, p. 26) 
4. Quantification has been undertaken by the State 
Department of Planning and Economic Development in a two-year 
environmental baseline survey of the Kilauea East Rift Zone from 1982 
to 1984. (State Ex. 10, G.S. No. 8/27/84-1, p. 26) 
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5. The principal parameters measured in this study include 
atmospheric concentrations of particulate material, sulfur dioxide gas, 
hydrogen sulfide gas, chlorine gas, carbon monoxide gas, elemental 
mercury vapor, radon, elemental and organic content of particulate 
material, rainwater pH, elemental and anionic content of rainwater, and 
wind speed and directions. (State Ex. 10, G.S. No. 8/27/84-1, p. 26) 
6. The study stated that the environmental risks are due 
primarily to atmospheric emissions of noncondensing gases. Hydrogen 
sulfide, particulate sulfate from the atmospheric oxidation of hydrogen 
sulfide, benzene, mercury, and radon are considered to be the more 
significant noncondensing gases from a health standpoint. (State Ex. 
10, G.S. No. 8/27/84-1, pp. 15, 16) 
7. The results of 
indicate the following ambient 
8/27/84-1, pp. 28, 30): 
the Environmental Baseline Survey 
conditions (State Ex. 10, G.S. No. 
a. Total Suspended Particulates (TSP) are ·very low and 
generally consist of sea-salt aerosal, road and soil dust, 
volcanic emissions, diesel exhaust and organic matter. 
b. Sulfate particulate matter, and under certain conditions 
heavy metals contained in particulate matter can be related 
to volcanic emissions. 
c. Current hydrogen sulfide and chlorine gas levels are very 
low and well below biological impact levels. 
d. Occasional short-term hydrogen sulfide episodes at modest 
concentrations, but of short, less than a day, duration have 
been observed. 
e. Sulfur dioxide concentrations due to volcanic activity can 
exceed standard values, values typical of urban areas, and 
human health and plant impact values for days at a time. 
Higher S0 2 values have been measured in the upper part of 
the Rift Zone than in the lower portion. In the absence of 
volcanic impact, S02 values are low. 
f. Rainwater in Puna and Kau is slightly acidic. Acidification 
is due not only to volcanic emissions but also to long-range 
transport from sources across the Pacific. 
g. All trace elements measureable were found to be below 
drinking water quality standards. 
h. Ambient mercury and radon values were more or less typical 
of atmospheric values nationwide. However, the impact of 
volcanic emissions on the atmospheric radon content could be 
seen by noting the higher values measured at the site 
closest to the current eruption area in Kahaualea. 
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8. The State Department of Health (DOH) has proposed 
Ambient Air Quality Standards to control H2 S emissions from 
geothermal wells and power plants (Chapters 11-59 and 11-60, Hawaii 
Administrative Rules of DOH). (Written Testimony of Manabu 
Tagomori, p. 12, and State Ex. 2, p. 19) 
9. Chapter 11-60, Hawaii Administrative Rules, is to be 
amended by adding a new section 11-60-23.1 covering allowable 
emissions of particulates and hydrogen sulfide for geothermal wells and 
emissions of hydrogen sulfide only from geothermal power plants. 
(State Ex. 10, G.S. No. 8/27/84-1, p. 31) 
10. The recommended H2 S abatement system, the Stretford 
System, is capable of removing over 99% of the H2 S contained in the 
noncondensable gases. (State Ex. 10, G.S. No. 8/27/84-1, p. 30) 
11. Use of the Stretford system would enable facilities to 
comply with the proposed State- Department of Health air quality 
standard for geothermal developments since this standard requires 98% 
of the H2 S. present to be removed. (State Ex. 10, G.S. No.· 
8/27/84-1, p. 30) 
12. Given the characteristics of the HGP-A reservoir fluids 
and the available emission abatement technology which would be 
required to comply with proposed State air quality standards, 
geothermal facility cooling tower emissions would not be toxic and the 
plume would consist entirely of water vapor. Brine from the plant will 
be injected back into the geothermal reservoir. (State Ex. 10, G.S. 
No. 8/27/84-1, p. 30) 
13. Abatement of Radon-222 is unnecessary since the level 
emitted from the power plant is lower than most indoor levels where 
cement emits radon in most buildings. (State Ex. 10, G.S. No. 
8/27/84-1, p. 30) 
14. The study, "Evaluation of BACT for Air Quality Impact 
of Potential Geothermal Development in Hawaii," January, 1984, 
prepared for the U.S. Environemental Protection Agency by Dames & 
Moore on the Best Available Control Technology (BACT) for emission 
abatement was utilized in the assessment. (State Ex. 8, G.S. No. 
8/27/84-1, p. 3) 
15. H 2 S, particulate and trace element emission rates were 
all developed from data gathered at HGP-A and assuming the emission 
controls described above. EPA-developed air dispersion models were 
then used to estimate the impact of these pollutant emissions on 
ambient air quality. Based on these calculations, potential H2 S 
emissions during normal power plant operations for the development 
scenarios [25MW and 50MW] described in this report are well below the 
proposed Hawaii Ambient Air Quality Standard (HAAQS) for H2 S. (State Ex. 8, G.S. No. 8/27/84-1, p. 4) 
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16. H2 S emissions during well bleeding operations have the 
potential to exceed the proposed HAAQS. This potential can be 
eliminated by developing (and implementing) H2 S · emission control 
measures for use during well bleeding or by altering the assumed 
emission release characteristics of well bleeding activities. (State Ex. 
8, G.S. No. 8/27/84-1, p.4) 
17. Calculations of potential particulate and trace element 
impacts on ambient air quality were also conducted as part of this 
"BACT" study. These data indicate that the proposed project does 
not have the potential to exceed applicable ambient air quality 
guidelines for these compounds. (State Ex. 8, G.S. No. 8/27/84-1, 
p. 4) 
18. Hydrogen sulfide abatement technology such as the 
Stretford and burner-scrubber system will reduce the emissions from 
geothermally generated electricity to levels far below that generated by 
more conventional fossil fuel electrical energy production currently in 
operation today in Hawaii. (CDUA No. HA 3/2/82-1463, BLNR 
Findings of Fact 2/25/83, p. 4-15; Written Testimony of Donald 
Thomas, p. 7; Written Testimony of Gerald Niimi, p. 8-9)) 
19. Kilauea Volcano normally emits 200 tons a day of sulfur 
dioxide and the contribution of sulfur dioxide from a project such as 
that proposed at Kahaualea at full development would only be a 
fraction of 1 percent of that amount. (CDUA No. HA 3/2/82-1463, 
BLNR Findings of Fact 2/25/83, p. 4-16) 
20. The emissions of sulfur, mercury, and other volcanic 
gases are a continuous process at Kilauea, the rift zone, and the 
adjacent forest and its inhabitants have long been exposed to lower 
levels of these potentially toxic emissions and intermittently to higher 
levels. Exposure to significant levels of geothermal gases are part of 
the norm for native Hawaiian plants and animals. (CDUA No. HA 
3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-20) 
21. "The Puna Community Survey", prepared in 1982 by 
SMS, Inc. for the State Department of Planning and Economic 
Development and the Hawaii County Department of Planning, reported 
that only one-fifth of the total survey respondents felt they had been 
affected by the geothermal wells in Puna, on the Hawaii Island. (State 
Ex. 8, G.S. No. 8/27/84-1, p. vii) 
22. In the "Puna Speaks" case, where HGP-A shutdown was 
requested by some Puna residents, the U.S. District Court Judge 
ruled that the plaintiffs did not prove their case in suit as no 
causation was established between the well emissions and alleged 
maladies. (State Ex. 8, G.S. No. 8/27/84-1, p. 3) 
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Liquid Effluent 
23. Almost all geothermal fluids have a total dissolved solids 
content greater than 1000 ppm. (State Ex. 10, G.S. No. 8/27/84-1, 
pp. 12, 13) 
24. All geothermal fluids will be disposed of by reinjection 
into the geothermal reservoir. (State Ex. 10, G.S. No. 8/27/84-1, 
pp. 12, 13) 
25. Surface disposal will not be permitted. (State Ex. 10, 
G.S. No. 8/27/84-1, pp. 12, 13) 
26. None of the rift zones considered contain perennial 
streams. (State Ex. 10, G.S. No. 8/27/84-1, pp. 12, 13) 
27. Impact to surface waters is expected to be minimal. 
(State Ex. 10, G.S. No. 8/27/84-1, pp. 12, 13) 
28. The basal ground water body is the fresh water resting 
on salt water within the permeable rocks that make up most of the 
base of the islands. (State Ex. 10, G.S. No. 8/27/84-1, p. 13) 
29. Basal water underlies all of the Kilauea East Rift Zone 
except where dikes occur. (State Ex. 10, G.S. No. 8/27/84-1, p. 13) 
30. Ground water will not be adversely affected because 
geothermal wells are drilled past the ground water aquifer and a 
surface casing is set and cemented through a competent subsurface 
formation below the basal lens. (State Ex. 10, G.S. No. 8/27/84-1, p. 
13) 
31. The drilling, casing installation, maintenance and 
abandonment of all geothermal wells, including re-injection wells will be 
regulated and monitored to protect the ground water aquifer. (State 
Ex. 10, G.S. No. 8/27/84-1, pp. 13, 14) 
32. Common practice is to inject residual geothermal fluids 
back into a geothermal reservoir for disposal, thus isolating spent 
fluids from drinking water supplies. Injection wells like geothermal 
wells are drilled past the ground water aquifer and cased so that no 
leakage to an aquifer can occur. (State Ex. 10, G.S. No. 8/27/84-1, 
p. 26) 
33. The State DOH has established an Underground 
Injection Control program designed to protect the state's underground 
sources of drinking water (Chapter 11-23). These laws will regulate 
underground injections of geothermal fluids such that underground 
sources of drinking water are not polluted. (State Ex. 2, p. 26) 
Noise Aspects 
34. Although noise levels associated with geothermal energy 
development and operation are comparable with those industrial or 
electrical plants of similar size, plant construction and operation in a 
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quiet rural area are a potential noise factor which can be controlled 
and monitored. (State Ex. 8, G.S. No. 8/27/84-1, p. 4; Written 
Testimony of Gerald Niimi, p. 6-7) 
35. The source of noise impact from a proposed geothermal 
project would arise from (a) construction of roads, pipelines, and 
buildings; (b) geothermal well-drilling and testing or venting; and (c) 
geothermal power plant operations. (CDUA No. HA 3/2/82-1463, BLNR 
Findings of Fact 2/25/83, p. 4-21) 
36. During the initial phases of field development; persons 
in the immediate vicinity of a geothermal site may be exposed to noise 
levels varying from 40 to 125 decibels, depending upon the distance 
from the well site. (State Ex. 11, G.S. No. 8/27/84-1, p. 8) 
37. Noise generated by construction activity will involve the 
use of standard construction equipment such as bulldozers, trucks, 
and graders operating in the same manner, and over a limited time 
period as any other typical project. No unusual noise events of long 
duration are invovled. (CDUA No. HA 3/2/82-1463, BLNR Findings of 
Fact 2/25/83, p. 4-29) 
38. Within 100 feet of the drill rig, noise varies from 60 to 
98 decibels with muffler. Initial venting noise varies from 90 to 125 
decibels which may be mitigated using a stack pipe insulator or cyclone 
muffler. Periodic operational venting noise is about 50 decibels using 
a pumice filled muffler. (State Ex. 11, p. 8; Written Testimony of 
Gerald Niimi, p. 6) 
39. Noise levels projected for the anticipated power plants 
are expected to be low and should result in slightly audible or 
inaudible levels at most receptor sites. (CDUA No. HA 3/2/82-1463, 
BLNR Findings of Fact 2/25/83, p. 4-21) 
40. Taking all major noise sources into account, the 
continuous noise level of 75 dBA at 100 feet is considered readily 
achievable for power plants. (CDUA No. HA 3/2/82-1463, BLNR 
Findings of Fact 2/25/83, p. 4-30) 
41. Ambient or background noise refers to the noise levels 
which presently exist in the environs of any project site at locations 
where people reside, play or work and sometimes is produced by the 
people themselves. The existing exterior ambient noise levels at 
residences in the environs of the proposed geothermal operations are 
dictated largely by the sounds of nature and by the traffic on Volcano 
Highway as well as by traffic on local roads. (CDUA No. HA 
3/2/82-1463, BLNR Findings of Fact 2/25/83, p. 4-22) 
42. The impact and intrusiveness of the noise of geothermal 
operations is dependent on the meteorological conditions; the intensity 
of the noise source; the sound propagation conditions existing between 
the source and listener; the ambient or background noise at the 
receptor; and the activity at the receptor area at the time of the noise 
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event. (CDUA No. HA 3/2/82-1463, BLNR Findings of Fact 2/25/83, 
p. 4-21) 
43. As a project progresses, noise propagation information 
can be obtained and would serve as guidance for the design of noise 
mitigation measures required of the power plants, particularly for 
power plants located closer to noise-sensitive residential and park 
areas. (CDUA No. HA 3/2/82-1463, BLNR Findings of Fact 2/25/83, 
p. 4-29) 
44. Ambient noise levels are often expressed as day-night 
noise levels (Ldn) where a 10 dB reduction is given for noise levels 
during the nighttime period between generally 10 p.m. to 7 a.m. The 
long-range strategy of the Environmental Protection Agency (EPA) is 
to achieve a goal of 55 Ldn (45 dBA nighttime) which will ensure 
protection of public health and welfare from all adverse effects of noise 
based on present knowledge. (CDUA No. HA 3/2/82-1463, BLNR 
Findings of Fact 2/25/83, p. 4-22). 
45. The EPA "Protection Noise Level" document's 
recommended levels, defined by a negotiated scientific consensus that 
was developed without concern for economic and technological 
feasibility, are intentionally conservative to protect the most sensitive 
portion of the American population, and include an additional margin of 
safety. The levels could be viewed as levels below which there is no 
reason to suspect that the general population will be at risk from any 
of the identified effects of noise. (CDUA No. HA 3/2/82-1463, BLNR 
Findings of Fact 2/25/83, p. 4-23) 
46. In May of 1981, the County of Hawaii Planning 
Department issued a set of "Geothermal Noise Level Guidelines" to 
provide proper control and monitoring of geothermal-related noise 
impacts with stricter standards than those prevailing for Oahu and 
state-wide, based on lower existing ambient noise levels for the Island 
of Hawaii. (State Ex. 8, G.S. No. 8/27/84-1, p. 5) 
47. The County of Hawaii geothermal noise level guidelines 
state that a general noise level of 55 decibels during the daytime and 
45 decibels at night may not be exceeded at existing residential 
receptors which might be impacted. (State Ex. 11, G. S. No. 
8/27/84-1, p. 8) 
48. The design standard for the HGP-A Wellhead Generator 
Project specifies that the noise level one-half mile from the well site 
must be no greater than 65 decibels. Construction of a rock muffler 
at the facility has reduced noise levels to about 44 decibels at the 
fence line of the project. (State Ex. 11, G.S. No. 8/27/84-1, p. 8) 
49. The type of housing found in Fern Forest, Volcano 
Village, etc. , will result in noise reduction from outside to inside of at 
least 15 dB. Thus, an outside noise level of 45 dB A will reduce to an 
inside level of 30 dBA or less, which is less than the EPA's 32 dBA 
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level for sleep modification. (CDUA No. HA 3/2/82-1463, BLNR 
Findings of Fact 2/25/83, p. 4-23) 
50. The BLNR 
environmental impacts from 
associated with geothermal 
utilizing current technology. 
finds that any adverse sociological and 
air emissions, liquid effluent, and noise 
development can be effectively mitigated 
Lifestyle, Culture, and Community Setting 
51. The Puna area in which the Kilauea Middle East Rift 
Zone is located has the most information and input to date on the 
lifestyle, culture and community setting aspects related to geothermal 
development, since several geothermal-related surveys have been 
conducted there. This information may be applicable to other 
localities. (State Ex. 8, G.S. 8/27/84-1, p. 7) 
52. In April 1980, -11,775 persons living in Puna, 
constituted roughly 13 percent of the Big Island's population. In 
district size ·and population, Puna ranks third after South Hilo and · 
North Kona. Puna's population density of 23 persons per square mile 
is the same for the County of Hawaii as a whole. Within the Puna 
District, roughly 20 percent (2, 246) of the residents were living in the 
towns of Keeau, Mountain View, and Pahoa. (CDUA No. HA 3/2/82-
1463, BLNR Findings of Fact 2/25/83, p. 4-44) · 
53. The small magnitude of change in lifestyle and social 
inter-action that may be brought about by new residents may be a 
small part of the lifestyle, culture and community and traffic changes 
already taking place in the area as a result of the influx of new 
residents in recent years. (State Ex. 8, G.S. No. 8/27/84-1, p. 14) 
54. The Hawaiian Civic Club in Kau has stated its support 
of the proposed geothermal resource subzones. They have stated that 
while there are things that should be preserved, there is a lot of 
things that sometimes need to be given up for the betterment of their 
own Hawaiian children and families. (Testimony of Anna Cariaga, 
Pahala Public Hearing, 9/26/85) 
55. In addition, other Hawaiians who share the love of this 
land with others, cognizant of their heritage and traditions, feel their 
ancestors would be proud to know that they are trying to use our 
natural resources in the best way possible. The Hawaiians of times 
past, with their astute knowledge of all things and through the proper 
observance of established laws, used all of the natural resources 
available in their limited way to do the most good for the most people. 
(Testimony of George Jenkins, Public Hearing 9/26/85) 
56. Some Hawaiians also identify themselves as the bloodline 
of a mythical legendary goddess named "Pele" and believe that their 
existence and theology is threatened by the potential changes that may 
result from geothermal development. They also believe that geothermal 
development may forever extinguish or destroy essential parts of 
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Hawaiian heritage, culture and religion. (State Ex. 2, p. 13; 
Testimony of Emmett Aluli, Transcript Vol. V, VI) 
57. The recognition and use of geothermal energy, 
however, has been recorded in the early history of the Hawaiian 
Islands by the Reverend William Ellis whose journal has been published 
in many editions. Explorers identified numerous fumaroles and thermal 
features on Kilauea and Mauna Loa volcanoes as early as 1825. (State 
Ex. No. 2, p. 13) 
58. Early Hawaiians are recorded using steam emanating 
from fissures along the rift zone for personal uses as well as religious 
uses. William Ellis notes that the ground in the vicinity of Kilauea 
throughout the whole plain was so hot that those who came to the 
mountains to gather wood and to fell trees and hollow them for canoes 
"always cooked their own food, whether animal or vegetable, simply by 
wrapping it in fern leaves and burying it in the earth", a method 
quite similar to the Hawaiian imu. -(State Ex. 2, p. 13) 
59. At Kilauea on Hawaii, Handy and Handy, in their 
"Native Planters in Old Hawaii" describes how whole trunks of hapu'u 
pulu (fern trees) were thrown into steam fissures, covered with 
leaves, and when cooked, were split open and the starch core used as 
food for pigs. (State Ex. 2, pp. 13-14) 
60. The use of warm springs also was not unknown, since 
Ellis notes that at Kawaihae at the shore, warm springs provided a 
refreshing morning bath. Although the citation indicates a location 
removed from the Kilauea Rift Zone, the spring water is described as 
being "comfortably warm" and "probably impregnated with sulfur". He 
also notes medicinal qualities were ascribed to it by those who used it. 
(State Ex. 2, p. 14) 
61. There have been no studies of the impact of exploration 
on native Hawaiian cultural or religious values and practices. The 
BLNR and parties did conduct a site visit accompanied by a guide 
knowledgeable about the traditions and practices in the area on 
December 11, 1982. (CDUA No. HA 3/2/82-1463, BLNR Findings of 
Fact, 2/25/83, p. 4-41) 
62. Mr. Don Mitchell, noted author on Hawaiian history, 
does not believe that ancient Hawaiian beliefs were specifically against 
the use of steam, but that it is only a recent interpretation of 
Hawaiian theology. He believes that steam is not referred to in early 
discussions of Pele but that lava and volcanic eruptions are more 
closely associated to Pele. (State Ex. 8) 
63. The religious concerns of native Hawaiians command 
respect, and care could be exercised to enhance and not harm genuine 
religious aspects of the area. (CDUA No. HA 3/2/82, BLNR Findings 
of Fact, 2/25/83, p. 7-32) 
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Historic and Archaeological Values 
64. Development of geothermal facilities by site clearing and 
facility construction runs the risk of destroying historical and 
archaeological sites and artifacts. (State Ex. 10, G. S. No. 8/27/84-1, 
pp. 34, 35) 
65. Estimates of likely impacts can be accomplished by 
( 1) plotting the location of known archaeological sites within and 
nearby proposed sub zones, (2) completing an archaeological literature 
search for each geothermal resource subzone for evidence of early 
human activity, and (3) by archaeological reconnaissance surveys on 
site. (State Ex. 10, G.S. No. 8/27/84-1, p. 34) 
66. Prehistoric cultural activities and features such as foot 
trails, upland taro patches and planting areas, a pulu factory, and 
other sites have been reported in the area adjacent to the proposed 
subzone. As geothermal development occurs, each new increment of 
land area could be archaeologically surveyed by a qualified 
archaeologist after specific sites for development activity are 
determined and before land clearing begins. If archaeological sites are 
found, they could be described and assessed as to significance, and 
measures taken to ensure avoidance or mitigation of potential impacts 
from geothermal developments. (State Ex. 2, p. 12) 
67. The BLNR finds that any adverse sociological impacts to 
the lifestyle and culture of the community and historic and 
archaeological values associated with geothermal development can be 
mitigated by sensitive and careful consideration of the communities' 
needs in subsequent permitting processes. 
Scenic and Aesthetic Values 
68. Geothermal resource areas are located 
wilderness areas, some of which are heavily forested, and 
of geothermal facilities may represent a visual intrusion. 
10, G.S. No. 8/27/84-1, p. 36) 
in remote 
development 
(State Ex. 
69. In some areas with potential geothermal resource 
development, the plant installation may be relatively 
unobtrusive--where scenic view corridors are not damaged in the eye 
of nearby or medium-distanced residents and visitors--however, 
consideration of aesthetic aspects could include careful siting, tasteful 
design, and effective landscaping. (State Ex. 2, p. 14) 
70. Techniques of preserving aesthetic aspects of the 
landscape and natural vistas include attractive design, painting of 
structures, towers and plants with colors to blend in with the natural 
setting. (State Ex. 2, p. 14) 
71. Depending upon the terrain within and adjacent to a 
proposed project site, an analysis of view corridors may be required in 
environmental assessments for the development of specific sites within 
a geothermal resource subzone during the subsequent permitting 
process. (State Ex. 2, p. 15) 
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7 2. Estimates of visual impact are accomplished by 
preparing an area-wide terrain analysis to determine locations outside 
the project area from which drilling rigs, powerlines, power plant 
facilities, etc., can be seen. A terrain analysis of visual impacts was 
completed for the preparation of the Kahaualea Environmental Impact 
Statement. (State Ex. 10, G.S. No. 8/27/84-1, p. 36) 
7 3. A similar terrain analysis could be included in 
environmental impact assessments for the development of specific sites 
within a geothermal resource subzone during the subsequent permitting 
process. (State Ex. 10, G.S. No. 8/27/84-1, p. 36) 
74. The terrain analysis prepared for the Kahaualea EIS 
indicated that power plants would be visible from many areas of the 
barren lava fields. (State Ex. 10, Appendix E, G.S. No. 8/27/84-1, 
pp. E-3 and E-4) 
75. No correction for tr-ees has been incorporated into these 
perspectives. If trees are included in the terrain analysis, then 
potential visual intrusions could be further mitigated. (State Ex. 10, 
G.S. No. 8/27/84-1, p. E-4) 
76. Even when the power plants are visible, they are at 
distances of one to six miles and thus they would not be significant 
intrusive features with proper design and construction considerations. 
In no case are they expected to be seen as a silhouette on the 
horizon, but instead, they would be a feature in the middle to the far 
distant background. (State Ex. 10, G.S. No. 8/27/84-1, p. E-4) 
77. It is possible that the moist warm air from the cooling 
towers will condense as it rises under certain atmospheric conditions to 
form a small cloud mass similar to that often observed near cracks and 
puu's along the remote part of the east rift zone east of Mauna Ulu 
under the same conditions. During normal atmospheric conditions, no 
visible vapors are expected from the cooling towers. (State Ex. 10, 
G.S. No. 8/27/84-1, p. E-4) 
78. The preservation of natural beauty and aesthetics could 
be achieved by well-planned siting, landscaping and well-designed 
plant architecture. (State Ex. 8, G.S. No. 8/27/84-1, p. 14) 
79. The following opinions were given during the Puna 
Community Survey by SMS, Inc. in April 1982: 
a. Most Puna residents have noticed existing geothermal 
wells, but few have been personally affected by them. 
Two-thirds of the survey respondents reported having 
seen a well, but only 18 percent said there had been 
any impact on themselves or a household members. 
b. When described as "generating electricity from the 
volcano's steam," geothermal energy production was 
judged "good for Puna" by 62 percent of the sample 
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and "bad for 
Kapoho-Kalapana, 
the figures were 
opposed. 
Puna" by 21 percent. In 
the area potentially most affected, 
47 percent in favor and 30 percent 
c. Roughly half of the respondents said they thought that 
"using steam wells to make electricity--without any 
other industrial development" would be a good idea for 
Puna. A much larger majority supported the sort of 
agriculture-related light industry which could be aided 
by geothermal resources (e.g. , fruit drying or hot 
houses), while a distinct minority in Puna thought 
geothermal-powered heavy industry such as manganese 
nodule processing would be good for the district. 
d. Asked to respond to ten different possible forms of 
economic and physical development, there was more 
than 90 percent approval for the general (if vague) 
concept of "more jobs" and for the idea of more 
diversified agriculture. Ag-related light 
industries--like fruit drying, hot houses, and 
aquaculture--was supported by 83 percent, and raising 
crops to produce ethanol fuel earned 63 percent 
approval. · 
(State Ex. 8, G.S. 8/27/84-1, p. 2) 
80. The BLNR finds that any adverse scenic and aesthetic 
impacts to the area and surrounding community resulting from 
geothermal development can be effectively mitigated utilizing current 
technology and development controls at subsequent permitting 
processes. 
Impact to Native Forest 
81. Potential environmental impact on the flora of the 
Kilauea East Rift zone, as with other rift zones, was assessed using a 
forest categorization system based on U.S. Fish and Wildlife Service 
vegetation type mapping which incorporates information on the extent 
of canopy cover, height of canopy, understory composition and 
vegetation association type. (State Ex. 10, G.S. No. 8/27/84-1, p. 6) 
82. A detailed vegetation survey of Puna forests conducted 
by J.D. Jacobi in 1983, indicates that the highest quality native 
vegetation is located uprift and outside the proposed Kilauea Middle 
East Rift GRS; however, the western portion of the proposed GRS 
does contain some of this vegetation. (State Ex. 2, p. 30) 
83. This vegetation consists of wet ohia forest with mixed 
native subcanopy trees with a tree fern native shrub understory. 
(State Ex. 2, p. 30) 
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84. Vegetation in the southwestern portion of the GRS is 
classified as closed canopy, wet ohia forest with mixed native 
subcanopy trees and a tree fern native shrub understory with some 
introduced shrubs and ferns. There are also small sections of ohia 
kukui forest present in the southwest section. (State Ex. 2, p. 
30-32) 
85. The northern portion of the proposed GRS include a 
large section of open canopy, wet ohia forest with mix native 
sub-canopy trees, and a tree fern native shrub understory with some 
introduced shrubs and ferns. The southeastern section contains wet 
pioneer ohia community. A significant portion of the proposed GRS is 
bare recent lava. (State Ex. 2, p. 32) 
86. Disruption of native forest ecosystems is a potential 
environmental impact resulting from the development of geothermal 
energy. (State Ex. 10, G.S. No. 8/27/84-1, p. 4) 
87. Native forests are paticularly vulnerable to invasion by 
exotic species along roadways or other cleared areas. Once such an· 
invasion begins, native forest is gradually altered and non-native 
species which intially invaded along relatively narrow corridors spread 
and multiply. (State Ex. 10, G.S. No. 8/27/84-1, p. 4) 
88. Major geothermal development, with an attendant 
network of roads and construction corridors may be expected to 
dissect and eventually degrade undisturbed native forest by opening it 
to invasions by weedy species. (State Ex. 10, G.S. No. 8/27/84-1, 
p. 4) 
89. Impact to native forest ecosystems can be mitigated 
through careful siting of facilities, access roads, pipe and powerline 
corridors so as to avoid damage to biologically valuable forest. (State 
Ex. 10, G.S. No. 8/27/84-1, p. 4) 
90. Air quality standards will assure that geothermal 
emissions will be well below amounts released during eruptions and 
probably below amounts necessary to cause damage to native flora. 
(Lamoureux, written testimony, G.S. No. 8/27/84-1, p. 4) 
Impact to Endangered Plant Species 
91. A recent flora and fauna survey, "Puna Geothermal 
Area Biotic Assessment", published in April 1985 by the University of 
Hawaii, Department of Botany, indicates that a number of plant species 
found within the east rift zone area are listed as Category 1 candidate 
species for listing as endangered by the U.S. Fish and Wildlife 
Service. (State Ex. 2, p. 32; Written Testimony of Charles 
Lamoureux, p. 4-6) 
92. Category 1 species is one for which the U.S. Fish and 
Wildlife Service has sufficient information to support the biological 
appropriateness of listing as endangered, but for which data still need 
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to be collected concerning the environmental and economic 
listing the species and designating a critical habitat for it. 
2' p. 32) 
impacts of 
(State Ex. 
93. Of the nineteen Category 1 species collected in the 
University's survey, only two are found within the proposed GRS, a 
medium sized tree, Bobea timonioides and Cyanea tritomantha. (State 
Ex. 2, p. 32) 
94. Bobea timonioides, also known as 'akakea, is found in 
Ohia forest types and was sighted at three locations in the proposed 
GRS, at one site in the designated Kapoho GRS, and at two sites along 
the lower rift zone outside the proposed GRS. Cyanea tritomantha 
var. tritomantha, known as 'aku' aku, was sighted in the northeast 
corner of the proposed GRS. (State Ex. 2, p. 32) 
95. The endemic fern, Adenophorus periens, also is a 
category 1 species and was sighted mostly outside of the proposed GRS 
to the west and north. (State Ex. 2, p. 32; Written Testimony of 
Charles Lamoureux, p. 5-6) 
96. The area within the proposed subzone contains a 
significant percentage of introduced plant species, consequently, the 
amount of change which would result from the introduction of alien 
plants as a consequence of human activities in this area is likely to be 
less significant than that which would occur in more pristine areas. 
(Written Testimony of Charles Lamoureux, pp. 2-4, 6-7) 
97. The dissected nature of the vegetation in the proposed 
Kilauea Middle East Rift GRS allows for geothermal development to 
proceed in ways which would enable development to avoid the most 
sensitive areas of the forest. (State Ex. 2, p. 32; Testimony of 
Charles Lamoureux, Transcript Vol. VI, p. 99) 
98. Mitigation measures can be taken to minimize risks to 
native forests and endangered plant species. (State Ex. 2, p. 32; 
Ex. 3, p. 116; Written Testimony of Charles Lamoureux, p. 6-7) 
99. As a result of lava flow inundation as well as the 
introduction of exotic plant species, the lower southwest corner of the 
proposed subzone is not considered a biologically sensitive area except 
those native forest areas categorized as category (1) and (2) forests 
in the Puna Geothermal Area Biotic Assessment, State Ex. 3. (State 
Ex. 3; Testimony of Charles Lamoureux, Transcript Vol. VI, p. 
101-102) 
Impact to Endangered Native Birds 
100. Endangered birds sighted on 
flank include the O'u, the I'o (Hawaiian 
(Hawaiian goose). (State Ex. 2, p. 33) 
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the Kilauea middle east 
Hawk), and the Nene 
101. O'u sightings have been reported west and north of 
the proposed Kilauea Middle East Rift GRS and, as noted in the 
University's fauna survey, usually above the 3000-foot elevation. 
(State Ex. 3, p. 77) 
102. The authors of the Hawaii Forest Bird Recovery Plan 
have recommended and the U.S. Fish and Wildlife Service has approved 
an essential habitat for the O'u which is believed to be necessary for 
the O'u to be restored to non-endangered status. (State Ex. 2, p. 
33) 
103. The lower habitat boundary has been set at 2000-foot 
elevation, and as such includes only a small portion of the proposed 
GRS as shown on Figure 9 of Circular C-114. Portions of this area 
have been recently inundated by lava flows. (State Ex. 2, pp. 33, 
35; VCA Ex. 6) 
104. In recent years a _few scattered sightings of O'u have 
been made in the Kilauea East Rift Zone. It is not known whether a 
breeding population of 'O'u still exists in the project area. It is 
probably the rarest native bird which now ·occurs there, however. 
(State Ex. 3, pp. 1, 113) 
105. 
native forest 
(Transcript of 
There has been no siting of the endangered 'O'u, a 
bird, within the Kilauea Middle East Rift GRS. 
Cross-examination of Sheila Conant, Vol. II, p. 66) 
106. The I'o is a roaming bird which has been sighted 
throughout the Puna area, over a wide range of ecosystem types 
including agricultural lands. The effects of well emissions on 'I'o are 
not clear. 'I'o population size and breeding activities around 
geothermal sites could be monitored. (State Ex. 2, p. 33; State Ex. 
3' p. 115) 
107. The primary range of the Nene is approximately 10 km 
to the west of the proposed Kilauea Middle East Rift GRS. Nene are 
not known to nest in the proposed GRS. Their present range is 
thought to be from 3800 to 8000 feet on the slopes of Mauna Loa. 
(State Ex. 2, p. 36) 
108. Mitigation measures, including siting 
power plants to avoid nesting sites, could be 
monitored during subsequent permitting processes. 
33; Ex. 3, p. 115) 
Invertebrates 
of well sites and 
implemented and 
(State Ex. 2, p. 
109. Invertebrates such as fruit flies (giant Droso~hila 
spp), tree snails (Partulina spp), and special cave-adapted fauna 
residing in lava tubes are known to exist in the Mauna Loa East Rift 
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and the Kilauea East Rift Zones. (State Ex. 10, G.S. No. 8/27/84-1, 
pp. 11, 12) 
110. Lava tube ecosystems are dependent on intact 
penetrating ohia root systems for their moisture supply and are 
therefore vulnerable to any development which results in forest 
clearing. (State Ex. 10; G.S. No. 8/27/84-1) 
111. Impacts to these species may be largely avoided by 
avoiding siting facilities in native forests areas. (State Ex. 10; G.S. 
No. 8/27 /84-1) 
112. Testimony regarding the Hawaiian Drosophila indicated 
that no surveys have been conducted in the Kilauea Middle East Rift 
GRS and that while there may be unique species in the area, there are 
also unique species of drosophila found all over the State of Hawaii. 
(Testimony of Dr. Kenneth Kaneshiro, Transcript Vol. II, pp. 28, 29) 
113. The BLNR finds that any adverse environmental 
impacts to native forests, endangered plant and bird species and 
native invertebrates associated with geothermal development can be 
effectively mitigated by careful siting and the location of geothermal 
facilities controlled during subsequent permitting processes. 
G. Act 296, SLH 1983, Factors - Compatibility of Geothermal 
Development and Potential Related Industries with Present 
Uses of Surrounding Land and Those Uses Permitted Under 
the General Plan or Land Use Policies of the County in Which 
the Area is Located 
1. Urban, rural and agricultural state land use districts are 
administered by individual counties through their general plans, which 
set forth County objectives and policies for long-range development, 
and community plans which provide more detailed schemes for 
implementing general plans. (State Ex. 10, G.S. No. 8/27/84-1, pp. 
40' 41) 
2. The County of Hawaii's goals for energy under its 
General Plan are: 
a. To strive towards energy self-sufficiency for Hawaii 
County; and 
b. To establish the Big Island 
community for the development 
energy resources. 
as a demonstration 
and use of natural 
(Written Testimony of !lima Piianaia, p. 2) 
3. The designation of the proposed Kilauea Middle East Rift 
GRS is consistent with and implements the County of Hawaii General 
Plan. (Written Testimony of Ilima Piianaia, p. 1-3) 
-26-
4. Once the proposed subzone is designated, exploration 
can occur to determine whether a resource exists with careful controls 
placed upon geothermal activities via subsequent permitting processes 
to mitigate any potential adverse impacts which may result from these 
geothermal activities. (Written Testimony of Ilima Piianaia, p. 3-5; 
Written Testimony of Manabu Tagomori, p. 9; Written Testimony of 
Robert Chuck, G.S. No. 8/27/84-1, p. 26) 
5. The BLNR finds that the proposed designation of the 
Kilauea Middle East Rift GRS is compatible with the General Plan and 
land use policies of the County of Hawaii. 
H. Act 296, SLH 1983, Factors - Potential Economic 
Beneflts to be Derived from Geothermal Development 
and Potential Related Industries 
1. The State of Hawaii -depends upon petroleum supplies for 
91.4 percent of all the energy consumed in the State. The oil that 
Hawaii imports costs the State about $1.5 billion per year in funds 
which flow out of the State for this purchase. As a consequence of 
the high cost of imported fuel, electricity rates in Hawaii are among 
the highest in the nation. (CDUA No. HA-3/2/82-1463, BLNR Findings 
of Fact, 2/25/83, p. 4-43) 
2. The Department of Planning and Economic Development 
believes that geothermal energy is the largest, near-term baseload 
electric energy potential for Hawaii. Large scale development of the 
geothermal resources on the Big Island is essential to the attainment of 
the State and County of Hawaii objectives of energy self-sufficiency. 
(CDUA No. HA 3/2/82-1463, BLNR Findings of Fact 2/25/1983, p. 
4-43) 
3. About 60 percent of the total energy produced on the 
Big Island is generated from fossil fuels such as industrial and diesel 
oils. Due to the uncertainties of the price and supply of fuel oil, 
HELCO is seeking to ultimately meet electrical system demands solely 
from renewable energy sources such as geothermal. To become energy 
self-sufficient, that is, not depending on fossil fuel, the County of 
Hawaii would need over 100 megawatts from alternative sources. 
(Testimony of A. Nakamura, Transcript Vol. IV, p. 127) 
4. The current investigation regarding the feasibility of an 
interisland cable suggests that a substantially larger market, Oahu and 
the other islands, could be supplied by geothermal electrical generation 
in a time frame that is consistent with that required for exploration 
and resource evaluation on the Kilauea East Rift Zone. Based on 
industry statistics, exploration and resource evaluation may be 
estimated to take from one to three decades. This time frame is also 
consistent with projections of increasing demand for alternative energy 
supplies arising from an increase in constant dollar costs of fossil fuels 
anticipated to begin in about 1995. (Written Testimony of Donald 
Thomas, p. 3-4) 
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5. Development of geothermal resources would provide 
numerous but temporary job opportunities during the construction, 
maintenance, and operation of the roads, wells, and power generation 
facilities. The total number of employment opportunities will depend 
on specific development proposals. (Written Testimony of Manabu 
Tagomori, p. 18) 
6. Based on the assumption of 25 project employees, direct 
wages may be about $560,000 annually, having a multiplier effect 
totalling an estimated $1.3 million. This would result in some impact 
on the state and county economy, but not a significant impact. A 
greater potential for permanent jobs for local residents may be 
provided by direct use applications of geothermal heat. (State Ex. 9, 
G.S. No. 8/27/84-1, p. 2) 
7. Various sources of public revenue may result from a 
geothermal facility, including property tax, fuel tax, general excise 
tax, corporate income tax, personal income tax, and possibly royalty 
income. (State Ex. 9, G.S. No. 8/27/84-1, p. 4-6) 
8. Direct use of geothermal heat should offer local residents 
many economic opportunities. The warm water effluent . from a 
geothermal electric facility can provide an inexpensive source of 
process heat for various uses. (State Ex. 9, G.S. No. 8/27/84-1, 
p. 9) 
9. Some agricultural activities which can be supported by 
geothermal heat include: sugarcane processing, drying and 
dehydration of fruits and fish, fruit and JUICe canning, production of 
livestock feed from fodder, freeze drying of food and coffee, 
aquaculture and fishmeal production, refrigeration and ice making, soil 
sterilization, and fruit sterilization by dipping in hot water. (Written 
Testimony of Manabu Tagomori, p. 183 and State Ex. 2; Written 
Testimony of Donald Thomas, p. 8; Testimony of Nelson Ho, 
Transcript Vol. IV, p. 199) 
10. Industrial applications of direct geothermal heat may 
include extraction of potentially marketable minerals, such as silica or 
sulfur from geothermal fluids, production of cement building slabs, and 
production of liquid combustion fuels from biomass, e.g. bagasse or 
other agricultural by-products. (Written Testimony of Manabu 
Tagomori, p. 18 and State Ex. 2, p. 17) 
11. Other direct uses include hot geothermal mineral water 
spas which have proved to be of major commercial value in producing 
tourist revenue in Japan, Europe, U.S.S.R. , and mainland United 
States, where millions visit these facilities annually. In places where 
fresh water is scarce, geothermal heat can be used to distill fresh 
water from saline water. (Written Testimony of Manabu Tagomori, p. 
18 and State Ex. 2, p. 17) 
12. If the benefits of direct use applications are to be 
available in several areas, then small decentralized geothermal facilities 
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should be encouraged. Decentralized developments owned and operated 
by various developers may also promote competitive pricing for both 
electricity and process heat. With imaginative marketing, Big Island 
processed farm products can be sold world-wide. (State Ex. 2, p. 18) 
13. The BLNR finds that there are great economic benefits 
to be derived by electrical and direct use of geothermal resources. 
I. Act 296, SLH 1983, Factors - Compatibility of Geothermal 
Development and Potential Related Industries with the Uses 
Permitted under Sections 183-41 and 205-2, Hawaii Revised 
Statutes, Where the Area Falls Within a Conservation District 
1. Conservation Districts include areas necessary for 
protecting watershed and water sources; preserving scenic and historic 
areas; providing park lands, wilderness, and beach; conserving 
endemic plants, fish, and wildlife; preventing floods and soil erosion; 
forestry; open space areas whose existing openness, natural condition, 
or present state of use, if retained, would enhance the conservation of 
natural or scenic resources; areas of value for recreational purposes; 
and other related activities; and other permitted uses not detrimental 
to a multiple use conservation concept. (State Testimony of Robert T. 
Chuck, G.S. No. 8/27/84-1, p. 28) (HRS §205-2) 
2. Conservation means a practice, by both government and 
private landowners, of protecting and preserving, by judicious 
development and utilization, the natural and scenic resources attendant 
to land including territorial waters within the State, to ensure optimum 
long-term benefits for the inhabitants of the State (Chapter 13-2-1, 
Hawaii Administraive Rules). (State Testimony of Robert T. Chuck, 
G.S. No. 8/27/84-1, p. 28) 
3. Of the four land use districts, the Conservation District 
is the only one administered by the State of Hawaii. Individual 
counties administer urban, rural and agricultural lands. (State Ex. 
10, G.S. No. 8/27/84-1, p. 39) 
4. Chapter 183-41, HRS, established Conservation Districts 
and enabled the State Department of Land and Natural Resources to 
promulgate regulations to implement the statute. Implementation was 
accomplished under Title 13, Chapter 2, Hawaii Administrative Rules, 
DLNR. Under this rule, the Conservation District is further 
subdivided into five subzones: Protective (P), Limited (L), Resource 
(R), General (G) and Special Subzones (SS). (State Ex. 10, G.S. 
No. 8/27/84-1, p. 39) 
5. The Protective Subzone has as its objective the 
protection of valuable resources in such designated areas as restricted 
watersheds; marine, plant, and wildlife sanctuaries; significant 
historic, archaeological, geological, and volcanological features and 
sites; and other designated unique areas. The Limited Subzones are 
designated areas where natural conditions suggest constraints on 
human activities. The objective of the Resource Subzone is to 
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develop, with proper management, areas to ensure sustained use of the 
natural resources of those areas. General Subzones are open space 
areas where specific conservation uses may not be defined, but where 
urban use would be premature. Special Subzones are specifically 
designated areas which possess unique developmental qualities which 
complement the natural resources of the area. (State Ex. 10, G.S. 
No. 8/27/84-1, p. 39) 
6. The great majority of the land within the proposed 
Kilauea Middle East Rift GRS is zoned Conservation-Protective. The 
extreme eastern and southeastern areas of this proposed GRS is 
classified agricultural under the jurisdiction of the County of Hawaii. 
(State Ex. 2, p. 42) 
7. Act 296, SLH 1983 and as amended by Act 151, 1984, 
specifically states that "geothermal resource subzones may be 
designated within the urban, rural, agricultural, and conservation land 
use districts established under section 205-2, HRS. 
8. Methods for assessing the compatibility of geothermal 
development within a conservation district are· left to the discretion of 
the BLNR and may be based on currently available public information. 
However, subzoning itself does not automatically permit any geothermal 
development or convey any rights to individuals beyond application for 
the required permits to conduct geothermal activities in any of these 
designated areas. (State Ex. 2, pp. 1, 43) 
9. In granting a Conservation District Use Permit (CDUA 
No. HA 3/2/82-1463) for geothermal exploration, the BLNR stated that 
"the State recognizes that conservation lands vary in their use and 
importance in accordance with a wide variety of criteria. Both the 
federal government and the State of Hawaii recognize that conservation 
lands involve multiple uses which range from absolute preservation to 
regulated uses ... The range of activity permitted depends upon the 
ecological importance of the resource in the overall environment and 
the relative need for human activity within a restricted context." This 
balancing test may also be applied by the BLNR to conservation lands 
contained within the proposed Kilauea Middle East Rift GRS when 
subsequent permits are considered. (State Ex. 2, p. 43) 
10. The BLNR finds that strict controls to mitigate potential 
impacts within the conservation district to protect valuable resources 
within this proposed subzone can be accomplished. 
J. Act 296, SLH 1983, Factors - Objectives, Policies and 
Guidelines Set Forth in Part I of Chapter 205A, HRS 
1. Chapter 205A, HRS, relating 
Management is not applicable to the designation of 
subzones at the Kilauea Middle East Rift, Island of 
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to Coastal Zone 
geothermal resource 
Hawaii. 
K. Act 296, Factors - Provisions of Chapter 226, HRS 
1. Chapter 226, HRS, relating to the Hawaii State Planning 
Act and its more detailed Energy Functional Plan encourages energy 
self-sufficiency generally and the use and development of geothermal 
energy specifically. (Written Testimony of Manabu Tagomori, p. 2-4; 
State Ex. 14, p. 23, G.S. No. 8/27/84-1) 
2. The BLNR finds that the designation of the proposed 
Kilauea Middle East Rift GRS complies with the provisions of Chapter 
226, HRS. 
L. Consideration and Examination of Factors for 
Recommending Subzone Designation 
1. In enacting Act 296, SLH 1983, the Legislature found 
that the development and exploration of Hawaii's geothermal resources 
is of statewide concern and that this interest must be balanced with 
interests in preserving Hawaii's unique social and natural environment. 
(Act 296, SLH 1983, Section 1) 
2. Pursuant to Act 296, SLH 1983, the BLNR compared all 
areas showing geothermal potential within each county and proposed 
geothermal resource subzones, based on a finding that the areas are 
those sites which best demonstrate an acceptable balance between the 
factors set forth in subsection b of Act 296. (HRS §205-5.2(a)(d)) 
3. The Technical Committee did conduct a county-by-county 
assessment of Hawaii's potential geothermal areas based on currently 
available geotechnical information. (State Ex. 14, p. 63, G.S. No. 
8/27/84-1) 
4. There is only a very limited amount of land within the 
state suitable for subzone designation. Less than 1% of the state's 
total land area has been designated or proposed as a geothermal 
resource subzone. (Written Testimony of Manabu Tagomori, p. 8) 
5. Examination of the factors set forth in §205-5.2(b), 
HRS, indicates that several impacts may result from the exploration, 
development, and production of geothermal resources for electrical 
power generation; however, these impacts can be mitigated. All of 
these factors have been cumulatively examined and it has been 
determined that the Kilauea Middle East Rift Geothermal Resource 
Subzone can provide an acceptable balance among these factors as 
required by Act 296, SLH 1983. (State Ex. 14, G.S. No. 8/27/84-1, 
p. 63) 
6. Act 296, SLH 1983, as amended by Act 151, SLH 1984, 
provides that exploration, development or production of electrical 
energy from geothermal resources is to be restricted to areas 
designated as geothermal resource sub zones. 
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7. It cannot be guaranteed that land areas designated as 
sub zones will provide any certain amount of geothermal capacity. This 
is clearly demonstrated by the fact that several Hawaii geothermal 
exploration wells have not proven to be productive. (Written 
Testimony of Manabu Tagomori, p. 8) 
8. The sub zoning process is a broad land-use designation. 
Subzoning does not authorize geothermal activities. (Written Testimony 
of Manabu Tagomori, p. 8) 
9. 
development 
development 
development 
5) 
All geothermal activities require State or County 
permits. At that time, a proposal for specific geothermal 
can be accepted, rejected, or modified to assure 
only in an environmentally acceptable manner. (State Ex. 
10. Buffer zones have been used throughout the subzoning 
process to minimize any potential environmental impacts to the National 
Park and surrounding areas. (Written Testimony of Manabu Tagomori, 
p. 9) 
11. Directional drilling technology can tap geothermal 
resources at depth while causing minimal disturbance to surface areas 
directly above. If isolated patches of land within a subzone are not 
subzoned, this will prevent the use of directional drilling below the 
area not subzoned, as the subzone boundary will extend in a straight 
line below the surface as shown on the attached diagram. (Written 
Testimony of Manabu Tagomori, p. 9) 
12. The Kilauea Middle East Rift Zone has been found to 
have the following desirable elements for the exploration, development 
and production of geothermal resource energy: 
a. The Kilauea Middle East Rift 
developing geothermal resources. 
8/27/84-1, p. 64) 
Zone has potential for 
(State Ex. 14, G.S. No. 
b. There is interest in the exploration, development and 
production of geothermal resource energy in the Kilauea 
Middle East Rift Zone. (State Ex. 14, G.S. No. 8/27/84-1, 
p. 64) 
c. There is a commitment towards geothermal resource energy 
as a viable alternate energy source for Hawaii. (State Ex. 
14, G.S. No. 8/27/84-1, p. 64) 
d. Advanced technology in geothermal resource development, 
such as emission control systems, noise control systems, well 
and power plant designs, and safety provisions from lava 
flows, will reduce the concerns for public health and safety. 
(State Ex. 14, G.S. No. 8/27/84-1, p. 64) 
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e. Potential environmental impacts 
and it has been determined 
mitigated to acceptable levels. 
8/27/84-1, p. 64) 
have been fully investigated 
that these impacts can be 
(State Ex. 14, G.S. No. 
13. After having considered and examined all factors, the 
Board of Land and Natural Resources hereby determines that the 
Kilauea Middle East Rift Zone be designated as a geothermal resource 
subzone, and the boundaries defined as follows (Written Testimony of 
Manabu Tagomori, p. 19-20): 
a. The eastern boundary abuts the existing Kamaili GRS, 
straddling the 90% probability band and forming a 
contiguous land use designation. The Board, in the 
Decision and Order had directed the Division to assess 
the Kilauea Middle East Rift Zone beginning on the 
western boundary of the Kamaili GRS. 
b. The southern boundary closely parallels the 90% 
probability line and is limited because the resource· 
potential of areas to the south of 90% probability line 
is believed to diminish with distance from . the rift 
zone. Also, permeability in areas south of the rift 
zone is expected to be low as a result of mineral 
deposition from salt water intrusion. Potential hazards 
from lava flows are greater south of the rift zone due 
to the southward sloping contour of the land. Also, 
earthquakes are relatively more frequent south of the 
rift zone. 
c. The western boundary was determined assuming that 
Kahaualea is designated as a natural area reserve. 
The boundary provides a 2000-foot buffer between the 
GRS and Kahaualea to mitigate any possible effects on 
the prime native forest and wildlife at Kahaualea. 
d. The northern GRS boundary was determined a 
reasonable distance north of the rift zone to provide 
for areas less susceptible to lava flow hazards. It is 
anticipated that power plants may be sited on locally 
elevated ground in these safer northern areas. 
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II. CONCLUSIONS OF LAW 
Based upon the Findings of Fact aforesaid, the BLNR concludes 
as follows: 
1. The Board of Land and Natural Resources is authorized 
pursuant to Act 296, SLH 1983, and Act 151, SLH 1984, and Chapter 
184, Title 13, Hawaii Administrative Rules of the DLNR, to designate 
geothermal resource subzones. (HRS §205-5.1(b)) 
2. In its assessment of the Kilauea Middle East Rift Zone as 
a potential geothermal resource subzone, the BLNR has fully examined 
and considered the following factors: 
a. The area's potential for the production of geothermal 
energy; 
b. The prospects for- the utilization of geothermal energy 
in the area; 
c. The geologic hazards that potential geothermal projects 
would encounter; 
d. Social and environmental impacts; 
e. The compatibility of geothermal development and 
potential related industries with present use of 
surrounding land and those uses permitted under the 
general plan or land use policies of the county in 
which the area is located; 
f. The potential economic benefits to be derived from 
geothermal development and potential related 
industries; 
g. The compatibility of geothermal development and 
potential related industries with the uses permitted 
under sections 183-41 and 205-2, where the area falls 
within a conservation district; and 
h. The objectives, policies and guidelines set forth in 
Part I of Chapter 205A, and the provisions of Chapter 
226, HRS, the Hawaii State Planning Act, and also, 
the Hawaii State Energy Functional Plan. 
3. There exists a future need for geothermal energy as an 
alternate source of energy on the Island of Hawaii and throughout the 
State of Hawaii. 
4. Kilauea Middle East Rift Zone has high potential for 
geothermal energy resource development 
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5. There exists substantial private developer interest in the 
exploration and development of geothermal resource energy in the 
Kilauea Middle East Rift Zone. 
6. Any adverse impacts relating to geologic hazards, social 
and environmental impacts, and compatibility with conservation 
districts, county land use policies, and the State Plan, which may 
result as a consequence of geothermal development, can be effectively 
mitigated through subsequent permitting processes. 
7. The BLNR finds that 
as proposed for designation as 
demonstrates an acceptable balance 
HRS §205-5. 2 (b). 
the Kilauea Middle East Rift Zone 
a geothermal resource subzone 
between the factors set forth in 
8. In its designation of the Kilauea Middle East Rift Zone as 
a geothermal resource subzone, the BLNR has fully considered and 
balanced the exploration and development of Hawaii's geothermal 
resources with the interests in preserving Hawaii's unique social and 
natural environments. 
9. The provisions of Act 296, SLH 1983, Act 151, SLH 
1984, and Title 13, Chapter 184, Hawaii Administrative Rules of the 
DLNR have been fully complied with in the designation of the Kilauea 
Middle East Rift Zone as a geothermal resource subzone. 
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III. DECISION AND ORDER 
Based on the Findings of Fact and Conclusions of Law stated 
herein, IT IS THE DECISION of the Board of Land and Natural 
Resources to designate the Kilauea Middle East Rift Zone, containing 
an area of approximately 11,7 45 acres, described herein, on the map 
marked "Figure 1" attached hereto and made a part hereof, as a 
Geothermal Resource Subzone. 
DATED: Honolulu, Hawaii, 
APPROVED AS TO FORM: 
WILLIAM M. TAM 
Deputy Attorney General 
State of Hawaii 
Attorney for BOARD OF LAND 
AND NATURAL RESOURCES 
BOARD OF LAND 
AND NATURAL RESOURCES 
-SUSUMU ONO 
Chairperson and Member 
MOSES W. KEALOHA 
Member-at-Large 
J. DOUGLAs ING 
Member 
ROLAND H. HIGASHI 
Member 
JOHN Y. ARISUMI 
Member 
LEONARD H. ZALOPANY 
Member 
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CERTIFICATE OF SERVICE 
I hereby certify that a copy of the foregoing Proposed Findings 
of Fact, Conclusions of Law and Decision of the Division of Water and 
Land Development, Department of Land and Natural Resources, State 
of Hawaii, was served by mail, postage prepaid, upon the following 
parties: 
o Benjamin Matsubara and Stephanie Rezents, attorneys 
1717 Pacific Tower, 1001 Bishop Street, Honolulu, Hawaii 96813 
Representing: - Estate of James Campbell (intervenor-applicant) 
- True/Mid-Pacific Geothermal Venture 
(intervenor-applicant) 
o Patricia O'Toole, Deputy Corporation Counsel 
25 Aupum Street, Hilo, Hawaii 96720 
Representing: County of Hawaii; Planning Department 
o Wendell Y. Y. Ing, attorney 
(Ken Kupchak, co counsel) 
209 Kinoole Street, Room 8, Hilo, Hawaii 96720 
Representing: - Susan Carey (party) 
- Diane Ley (party) 
- Volcano Community Association (party) 
- Lehua Lopez (party) 
- Eva Lee (party) 
- Louis Whiteaker (party) 
- Chiu Leong (party) 
- Virginia B. MacDonald (party) 
- Debra Hopson (party) 
- Ann Markham (party) 
- Mike Markham (party) 
- Beverly MacCallum (party) 
- Matt Luera (party) 
- Hawaii Audubon Society (party) 
- Sierra Club, Hawaii Chapter (party) 
o Mae Evelyn Mull (party - representing herself) 
P.O. Box 275, Volcano, Hawaii 96785 
o Frederick Warshauer (party - representing himself) 
P.O. Box 192, Volcano, Hawaii 96785 
o Karl & Melissa Kirkendall (party) 
P.O. Box 428, Pahoa, Hawaii 96778 
o John L. Perreira (party) 
212 Punahele St., Hilo, Hawaii 96720 
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o Thomas E. Luebben, Attorney 
Luebben, Hughes, Tomita and Borg 
201 Broadway S.E. 
Albuquerque, New Mexico 87102 
Representing: - Palikapu Dedman (intervenor-applicant) 
- Emmett Aluli (Intervenor-applicant) 
DATED: Honolulu, Hawaii, December 4, 1985. 
DON ANAIKE 
EDWIN P. WATSON 
Deputy Attorneys General 
State of Hawaii 
Attorneys for DIVISION OF 
WATER & LAND DEVELOPMENT, 
DEPARTMENT OF LAND & NATURAL 
RESOURCES 
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G.S. NO. 8/27/84-1 --· _I In the Matter of the 
Designation of Kahaualea, 
Puna, Hawaii as a 
Geothermal Subzone. 
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SL~TE OF HA\'/AII 
_________________________ ) 
TESTIMONY FOR THE 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
DIVISION OF WATER AND LAND DEVELOPMENT 
ON THE PROPOSAL OF 
THE UPPER KILAUEA EAST RIFT ZONE 
AS A GEOTHERMAL RESOURCE SUBZONE 
I. INTRODUCTION 
A. Background/ Qualifications of Robert T. Chuck 
Mr. Chairman, Members of the Board, my name is Robert T. 
Chuck, and I will be making the Department of Land and Natural 
Resources' presentation on the designation of the Upper Kilauea 
Rift Zone as a Geothermal Resource Subzone. I am the cilanager 
and Chief Engineer for the Department's Division of Water and 
Land Development, the division responsible for recommendations on 
the designation of areas as geothermal resource subzones. 
I am a registered professional engineer in the State of Hawaii 
in the Civil, Structural and Hydraulic branches. I have been an 
instructor at the University of Hawaii for over 25 years and have 
served as Manager and Chief Engineer of the Division of Water and 
Land Development since its inception in 1960. 
In managing this Division I have developed programs for the 
planning and development of water projects and the regulation, 
management and protection of Hawaii's water and mineral 
resources. 
This division, under my direct supervision, monitors and 
regulates all exploratory drilling for water and geothermal 
resources. The direct regulation and monitoring of geothermal well 
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drilling as well as the maintenance of an up-to-date inventory of 
mineral resources and mining activities in the State is accomplished 
under the division's Mineral Resources Program. My division staff 
consisting of civil engineers, hydrologists, geologists, energy 
specialists and resource planners bring considerable expertise to 
the task of designating geothermal resource subzones. 
I B. Presentation Approach 
My presentation today is intended to focus on and explain the 
legislative and departmental objectives in designating geothermal 
resource sub zones, the approach utilized and the factors 
considered in the assessment of geothermal resource areas, with 
SPECIAL reference to those utilized in the evaluation of the 
proposed Upper Kilauea East Rift Zone. 
II. LEGISLATIVE INTENT IN DIRECTING THE BOARD OF LAND AND 
NATURAL RESOURCES TO DESIGNATE GEOTHERMAL RESOURCE 
SUB ZONES. 
Quite clearly, as stated in Act 296, the Legislative intent, in 
directing the Board of Land and Natural Resources to designate 
geothermal resource subzones, was to assure that the interest in 
developing geothermal resources would be balanced with the interest in 
preserving Hawaii's unique social and natural environment. 
The Act directs the Board to designate geothermal resource 
subzones only after having assessed seven factors or criteria using 
currently available public information. The criteria include potential for 
production, prospects for utilization, presence of geologic hazards, 
social and environmental impacts, land use compatibility, potential 
economic benefits and compatibility with land use zoning. 
As stated in Act 296 the Legislature intended that the Board select 
only those areas that can best demonstrate an acceptable balance among 
the criteria set forth in the Act . 
. ' . 
I 
( 
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It ~rs our belief that the proposal of the Board follows the 
Legislature's intent. 
III. OBJECTIVE OF THE BOARD OF LAND AND NATURAL RESOURCES 
A. The BLNR is charged with the responsibility of designating 
geothermal resource subzones in the State of Hawaii under 
authority of Act 296, SLH 1983 and Act 151, SLH 1984. Once 
subzones are established, geothermal exploration, development and 
production of electrical energy will be limited to only these 
designated areas. 
B. To the extent provided by Act 296 and Act 151, all existing 
statutes, ordinances and rules are to be respected and are not 
superseded by this effort. 
C. The State of Hawaii was assessed for geothermal resource potential 
on a county-by-county basis. Currently available public 
information was utilized in the statewide assessment as provided by 
Act 296, SLH 1983. The various studies and existing information 
were examined and incorporated into technical reports and were 
made available to the general public upon request. The data was 
analyzed and reports prepared through a consorted staff effort 
under the direct supervision of Mr. Robert T. Chuck, Manager-
Chief Engineer, Div. of Water and Land Development. 
IV. Act 296, SLH 1983 (Exhibit No. 1-A) 
A. Highlights of Act 296, SLH 1983, signed into law June 14, 1983. 
1. Amends Chap. 205 - Land Use Commission. 
2. Provides for designation in Conservation, Agriculture, Urban, 
and Rural. 
3. Geothermal Resource exploration, development and production 
is limited to only the designated areas. 
4. The Board of Land and Natural Resources is responsible for 
designating geothermal resource sub zones. 
5. The BLNR shall adopt administrative rules (Chap. 184). 
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6.- - The administration of sub zones shall be governed as follows: 
BLNR for conservation districts 
State and County laws for Agricultural 
Urban and Rural Districts 
7. No land Use Commission approval needed for use of subzones. 
8. Provides for contested case hearing, upon request, before the 
BLNR or County agency prior to issuance of a geothermal 
resource permit. 
9. The BLNR shall conduct a county-by-county assessment of 
potential geothermal resource areas and shall be revised or 
updated at the discretion of the BLNR once every 5 years 
beginning in 1988. 
10. An EIS is not required for the assessment. 
11. The assessment shall examine factors to include but not be 
limited to: (Exhibit No. 1-B) 
* Potential geothermal energy production 
* Use of geothermal energy in the area 
* Geologic Hazards 
* Social and Environmental Impacts 
* Compatibility with present and planned use 
* Potential economic benefits 
* Compatibility with conservation principles where a subzone 
falls within a conservation district. 
12. This assessment may be based on currently available public 
information. 
13. Any property owner may petition the BLNR to have an area 
designated as a geothermal resource subzone. 
14. The BLNR shall propose potential areas for designation based 
upon assessment factors and hold public hearings in close 
proximity to the proposed area. The hearings shall be held 
before the Board and not be conducted by any agent or 
representative. 
-4-
15 .c -At the close of the hearing, the BLNR may designate the 
subzones. Upon request, the BLNR shall issue its findings 
and principal reasons for its decision. 
16. Designated areas may be withdrawn by the BLNR. 
17. The Act shall not apply to active exploration, development, or 
production of electrical energy taking place on the effective 
date of the Act. Expansion of such activities however are 
subject to the provisions of the Act. 
V. Act 151, SLH 1984 (Exhibit No. 1-C) 
A. Highlights of Act 151, SLH 1984, signed into law on May 25, 1984. 
This Act clarifies some of the provisions of Act 296, SLH 1983 as 
follows: 
1. Permits geothermal development activities within urban, rural, 
agricultural, and conservation land use districts. 
2. Defines geothermal development as "the exploration, develop-
ment or production of electrical energy from geothermal 
resources." 
3. Existing leases within an agricultural district which were 
issued a special use permit by the County for geothermal 
development activities, is declared a geothermal resource 
subzone for the duration of the lease. (Exhibit No. 3). 
4. Clarifies the governing jurisdiction of the State and County 
governments in the geothermal development approval process, 
and also exempts the permit process from special use permit 
procedures under section 205-6. 
5. Clarifies the issuing County agency by defining "appropriate 
county authority" as the "county planning commission unless 
some other agency or body is designated by ordinance of the 
county council. " 
6. Further clarifies the roles of the State and County govern-
ments in connection with land use designations, as well as 
conduct of a permit approval process. 
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7. ~ -Mandates that the county authority, in the absence of a 
mutually agreed upon extension, must provide a decision on a 
complete and properly filed application within 6 months. 
8. The BLNR shall make its determination regarding the subzone 
designation of all or any portion of the area described in the 
BLNR decision and order, dated Feb. 25, 1983, which was the 
subject of a conservation district use permit on or before 
December 31, 1984. 
VI. STUDY APPROACH (Exhibit No. 4) 
A. Statewide Geothermal Resource Assessment 
1. Selection of a Geothermal Resource Technical Committee by the 
Dept. of Land and Natural Resources. 
2. Technical Committee members were selected on the basis of 
their specific expertise in the fields of Engineering, 
Geochemistry, Reservoir Engineering, Geology, Geophysics 
and Hydrology. (Exhibit No. 1-D) 
MANABU TAGOMORI, P.E. (Chairman) 
Engineer 
Dept. of Land & Natural Resources 
State of Hawaii 
BILL CHEN, PH. D. 
Engineer 
Dept. of Computer Service 
University of Hawaii - Hilo 
DALLAS JACKSON 
Geophysicist 
Hawaiian Volcano Observatory 
U . S. Geological Survey 
JAMES KAUAHIKAUA, Ph.D. 
Geophysicist 
U.S. Geological Survey 
Honolulu, Hawaii 
DONALD THOMAS, PH.D. (Tech. Leader) 
Geochemist 
Hawaii Institute of Geophysics 
University of Hawaii - Manoa 
DANIEL LUM 
Geologist 
Dept. of Land & Natural Resources 
State of Hawaii 
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RICHARD MOORE, PH.D. 
Geologist 
Hawaiian Volcano Observatory 
U.S. Geological Survey 
JOHN SINTON, Ph.D. 
Geologist 
Hawaii Institute of Geophysics 
University of Hawaii - Manoa 
3. This phase focused upon available public geotechnical 
information, its interpretation and analysis of potential 
geothermal resources throughout the State. (Exhibit No. 5) 
4. The Dept. of Land and Natural Resources issued a Public 
Notice requesting for Geothermal Resource Information in an 
effort to maximize the base of available data pertinent to its 
evaluation of the criteria set forth in Act 296, SLH 1983. 
This public notice was published in the Star Bulletin on 
April 16, 18, 1984. 
5. The committee's assessment was based on the following types 
of data: 
* 
* 
* 
Ground Water Temperature. Near surface water having 
temperature significantly above ambient, indicative of a 
possible nearby geothermal reservoir. 
Geologic Age. Recent eruptive activity and the evidence 
of surface features such as rift zones, calderas, vents 
and active fumaroles can infer geothermal resources and 
focus exploration to a broad area. 
Geochemistry. Ground water having geochemical anomalies 
related to the interaction between high temperature rock 
and water. Some of the indicators of thermally altered 
ground water are anomalously high silica ( Sio2) , chloride 
( C1) and magnesium (Mg) concentrations. In addition, 
the evidence of above normal concentrations of trace and 
volatile elements such as mercury (Hg) and radon (Rn) 
may indicate leakage of geothermal fluids into nearby rock 
structures. 
-7-
* 
* 
* 
* 
* 
* 
Resistivity. The electrical resistivity of the subsurface 
rock formation is affected by the salt content and 
temperature of circulating ground water. Therefore, 
anomalously low resistivity may indicate warm saline 
ground water associated with geothermal resource. 
Infrared Surveys. Infrared studies of land surface and 
coastal ocean water can identify thermal spring discharges 
and above ambient ground temperatures which may be 
indicative of a nearby geothermal resource .. 
Seismic Studies. Seismic monitoring of the frequency and 
clustering of earthquakes can identify earthquake con-
centrations that may be related to geothermal systems. 
Magnetics. Aeromagnetic surveys have identified magnetic 
anomalies associated with buried rift zones and calderas. 
Rocks at high temperature or those that have been 
thermally altered, are represented by magnetic lows which 
are useful in locating the hottest parts of a rift zone. 
Gravity. Gravity surveys can provide information on the 
location of subsurface structural features such as dense 
intrusive bodies and dike zones. Interpretation of the 
variation in rock density integrated with other geologic 
studies can be useful in confirming the location of a 
geothermal resource. 
Exploratory Drilling. Data 
exploratory wells can confirm 
temperatures and determine 
acquired from 
the existence of 
deep 
high 
if there is adequate 
permeability necessary for development. 
Self-Potential Data. Self-potential anomalies (natural 
voltages at the earth's surface) have been found to be 
highly correlated with subsurface thermal anomalies along 
the Kilauea east rift. Self-potential anomalies may reflect 
hot water flowing through a permeable vertical facture 
connected to a broad heat source at depth. 
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- -A more in-depth description of the various types of 
geothermal exploration techniques can be referred to in the 
earlier DLNR report titled, "Assessment of Available 
Information Relating to Geothermal Resources in Hawaii", 
Circular C-98. 
6. The Technical Committee assessed the State of Hawaii on a 
county-by-county basis shown on the Map (Exhibit No. 2-A) 
and identified seven High Temperature Potential Geothermal 
Resource Areas listed below: (Exhibit No. 1-E) 
* Haleakala S. W. Rift Zone, ~laui 
* Haleakala East Rift Zone, Maui 
* Hualalai, Hawaii 
* Mauna Loa S. IV. Rift Zone, Hawaii 
* Mauna Loa N. E. Rift Zone, Hawaii 
* Kilauea S.W. Rift Zone, Hawaii 
* Kilauea East Rift Zone, Hawaii 
7. The selection of these high temperature resource areas were 
based on the potential for production of electrical energy. 
The consensus of the Technical Committee was that present 
day technology requires a geothermal resource to have a 
temperature greater than 125°C (257°F) at a depth of less 
than 3 km. 
(Exhibit No. 6, Circular C-103, "Statewide Geothermal 
Resource Assessment") 
B. Public Participation and Information Meetings 
1. A series of public informational meetings were conducted on 
the islands of Maui and Hawaii. The objective of these 
meetings were to open lines of communication between the 
public and the Dept. of Land and Natural Resources. 
(Exhibit No. 7, Circular C-99, "Public Participation and 
Information Program for Designating Geothermal Resource 
Subzones"). 
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2. - - The first series of meetings were to report the most likely 
locations of geothermal resources. The second series focused 
on the identification of impact issues. 
3. Throughout the process, from the enactment of Act 296, to 
the Proposed for Designating Geothermal Resources Subzones 
by the BLNR, public comments and participation have been 
invited from various interested parties to assist the 
Department and the Board. 
4. To ensure full public participation, the time, place and 
purpose of these meetings were announced in newspaper 
publications, radio announcements and letter invitations. 
5. The following are dates and places of these meetings: 
May 8. 1984 Hilo, Hawaii 
May 9. 1984 Kahului, Maui 
May 29, 1984 Hilo, Hawaii 
May 30, 1983 Kahului, Maui 
July 10, 1984 Pahoa Community Council 
July 11, 1984 Volcano Community Association 
C. Examination of the seven selected high temperature resource areas 
relative to social, economic, environmental, geologic-hazards and 
compatibility with land uses. (Exhibit No. 1-F) 
1. Also considered in the evaluation of impacts were the 
provisions of Chap. 226, the Hawaii State Planning Act and 
the objectives, policies and guidelines set forth in Part I of 
Chap. 205A Coastal Zone Management, if applicable. (Exhibit 
No. 1-G) 
,J.. 2 ~ . Methods for assessing the factors outlined in Act 296, shall 
be left to the discretion of the Board and may be based on 
currently available public information. 
3. The Board shall propose areas for potential designation which 
best demonstrate an acceptable balance between the factors 
set forth in Act 296. 
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4. ~ - The following factors and/ or concerns were reviewed and 
evaluated by a joint-staff assessment group: 
Social Impacts. Social impacts related to geothermal 
development may include health and noise aspects, impacts to 
lifestyle, culture and community setting, as well as aesthetic 
aspects. 
a. Health Aspects. The health 
resource development involve 
aspects 
primarily 
of 
the 
geothermal 
effects of 
chemical, particulate, and trace element emissions on the 
physical environment and on residents in the vicinity. 
Hydrogen sulfide (H 2S) and sulfur dioxide (S02) are the 
major gaseous compounds concerned, but the naturally 
existing or ambient air of the volcanic regions al~o 
contains these compounds. 
b. Noise Aspects. Although noise levels associated with 
geothermal energy development and operation are 
comparable with with those of industrial or electrical 
plants of similar size, plant construction and operation in 
a quiet rural area are a potential noise factor to be 
controlled and monitored. In May of 1981, the County of 
Hawaii Planning Department issued a set of Geothermal 
Noise Level Guidelines to provide proper control and 
monitoring of geothermal-related noise impacts with 
stricter standards than those prevailing for Oahu and 
state-wide, based on lower existing ambient noise levels 
for the Island of Hawaii. The County of Hawaii Noise 
Guidelines of 45 decibels at night and 55 decibels by day 
will be complied with. It is expected that the County of 
~1aui will adopt similar noise guidelines for geothermal 
activities. 
c. Lifestyle, Culture and Community Setting. The lifestyle, 
culture and community setting or atmosphere of an area 
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are very much inter-related and represent a major 
concern in terms of the effects of any introduced 
changes, especially when the changes may be in the 
direction of industrial development in a relatively rural 
setting. 
d. Aesthetic Aspects. Although in some areas with potential 
geothermal resource development the plant installation may 
be relatively unobtrusive--where scenic view corridors are 
not damaged in the eye of nearby or medium-distanced 
residents and visitors--consideration of aesthetic aspects 
should include careful siting, tasteful design, and 
effective landscaping . Visual impacts can be further 
minimized by adjusting the location of the site, the 
alignment of structures so as to present the smallest 
possible aspect and by blending structures with 
surroundings by painting appropriately and by use of 
non-reflective, light absorbent materials and textures and 
by shielding facilities from view by locating behind a 
puu, or hill, or by placement in a forested area. Impacts 
can be further minimized by use of buffer zones 
surrounding geothermal facilities. 
(Exhibit No. 8, Circular C-104, "Social Impact Analysis of 
Potential Geothermal Resource Areas".) 
Economic Impacts. • --1 • As With any ecoomlC activity, the injection 
\ 
of dollars into the economy will result in direct impacts 
through the purchases of various goods and services from the 
other industries .. In the case of a 20 to 30 megawatt 
geothermal plant, the dollars injected into the economy may be 
the result of the inflow of investment capital or the dollars 
prevented from being "exported" from the State or the 
County in the substitution or displacement of approximately 
390 thousand barrels of petroleum each year that would have 
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a. 
- -otherwise been imported into this State for conversion into 
electricity. The additional purchases made will, in turn, 
cause these industries to purchase more goods and services 
from other industries. The result is a chain-reaction of 
purchases, or a" multiplier" effect produced by the original 
increase in purchase. 
These impacts are long run in nature. That is, the 
subsequent indirect and induced activities do not take place 
instantaneously, but require fairly lengthy periods of time for 
such events to take place, all other things held constant. 
The overall assessment is that a 20 to 30 megawatt geothermal 
power plant will have some economic impact on a State-wide 
and County-wide basis, but the impact would probably not be 
significant. 
Public Sector and Community Resource Analysis. Any 
economic activity results in certain gains and losses to the 
economy. In particular, an economic activity provides the 
public sector with additional sources of revenues and also 
increases the burden on the available public resources. In 
order to assess the impact of this project, an estimate of the 
incremental revenues and costs needs to be made. For the 
purposes of this analysis, only those major financial impacts 
likely to occur as a result of this project was considered. 
Order-of-magnitude estimates of the variables in this section 
were made where data was available and considered applicable 
to the assumed 20 to 30 megawatt geothermal plant case 
study. 
Public Sector Revenue. At the County level, three major 
sources of revenue was addressed in relation to the existence 
of a geothermal plant. The first is property taxes, followed 
by fuel taxes and sewer charges. At the State level, there 
are four major sources of public revenue that deserves 
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- treatment. The first is the general excise tax. Next, is 
income taxes, both the corporate and the personal. Finally, 
the royalty income on the geothermal mineral rights. 
b. Community Resource Analysis. Although the on-site 
facility will draw upon the community's resources, this 
section addressed only the probable impacts that may take 
place due to the increase in population within the 
immediate community or to the County. The principal 
resources that will be analyzed includes: housing, lower 
education, police and fire. 
Based upon the scenerio that all 25 workers are from 
outside the County, the selected sources of revenues to 
both the County and to the State will not be a significant 
amount, in relative terms as well as in _absolute ones, due 
to the size of the plant. However, a more precise 
delineation of the type of plant, in terms of legal 
organization and activities, will be required to determine 
a more accurate public revenue estimate. 
Overall, the impact of the 25 additional households to the 
community will be primarily in the housing market, if all 
25 workers are from outside the County. The likelihood 
of this "worst case" assumption seems to be fairly small. 
Thus, it is probable that a part of the needed workforce 
will come from the County and therefore the housing 
impact will not be as great. Other community resources 
will not be affected in a significant manner under the 
current scenerio. 
(Exhibit No. 9, Circular C-105, Economic Impact Analysis 
of Paten tial Geothermal Resource Areas".) 
Environmental Impacts. 
a. Meteorology. Climatological factors important in assessing 
environmental impact of geothermal development include 
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winds, rainfall, air temperature, as well as tradewind 
temperature inversions and ground temperature 
inversions. The winds in the Hawaiian Islands are very 
important in geothermal operation because of their effect 
on emissions and noise. The most common winds over the 
Hawaiian Islands are the trade winds from the northeast 
which account for about 70% of the winds in the Islands. 
These trades prevail over 90% of the time in June through 
August and only 40 to 60% of the time in January through 
March. During the winter, the trade winds are sometimes 
absent almost an entire month. The variability of rainfall 
within a resource area can affect the presence of 
naturally occurring or emitted suspended particulates. 
b. Flora and Fauna. One of the more serious potential 
impacts of geothermal development is the disruption of 
native forests. Native forests are partiularly vulnerable 
to invasion by exotic species along roadways and in 
cleared areas. Once the invasion begins, the native forest 
is gradually altered as non-native species multiply and 
spread. 
Major geothermal development, with an attendant 
network of roads and construction corridors maybe 
expected to dissect and possibly degrade undisturbed 
native forest by opening it to invasion by weedly species. 
Siting of geothermal development to avoid biologically 
valuable forest can mitigate potential impacts. 
Of Hawaii's seven plant species which are formally 
listed as endangered, only one, the Hawaiian vetch 
(Vicia menziesii) is found within the resource areas. 
However, Hawaii has numerous rare plants, over 800 of 
which have been proposed for listing as endangered. 
Undoubtedly many of these candidate species may be 
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found within the resource areas. For example, the 
endemic Hawaiian fern, (Adenophorus periens), is known 
to be present in the Kahauale'a section of the Kilauea 
East Rift Zone. Protection of rare plant species will have 
to be undertaken on a project-by-project basis, where 
botanical surveys of specific areas being considered for 
development are possible. 
The impact of geothermal development on native 
forest birds focused on the value of the forest for native 
bird habitat. Most native birds share habitat to some 
degree, and it is this characteristic which permits use of 
the existence of endangered bird habitat as an index of 
overall native bird habitat value. 
Endangered species habitat was considered present 
wherever essential habitat outlined in an approved 
Endangered Species Recovery Plan existed. Endangered 
Species Recovery Plans are considered to be the most 
authoritative estimate of the actual habitat for a particular 
endangered species. 
Geothermal development may have potential negative 
impacts such as construction noise and human activity 
which favor urban nuisance species over native forest 
species. It is therefore important to consider the habitat 
of native bird species, particularly those which are 
endangered, in assessing the impact of geothermal 
development. Any development within the habitat of 
native birds which have potential environmental impact 
should be fully investigated and mitigation measures 
implemented. 
Rare invertebrates known to exist in the resource 
areas include scientifically important fruit flies (giant 
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Drosophila spp), tree snails (Partulina spp), and special 
care-adapted fauna residing in lava tubes. Tree and land 
snails, many of which, like other Hawaiian invertebrates, 
are found nowhere else in the world, are associated 
primarily with native forest and probably exist in all 
resource areas. Impacts to these species can be largely 
avoided by not siting geothermal development in native 
forest areas. 
c. Surface Water. While the drilling and construction phases 
of geothermal development could result in degradation of 
surface waters, little if any impact is expected since 
there are no perennial streams located in the geothermal 
resource areas considered. 
Almost all geothermal fluids contain dissolved solids 
greater than 1000 ppm, and their indiscriminate dischage 
into streams, ponds, and watersheds should not be 
allowed, therefore the normal practice is to reinject 
geothermal fluids. 
d. Ground Water. Ground water in the various geothermal 
areas may occur as (1) perched water, (2) dike water, 
and (3) basal water. 
Perched water, the least common, is water that is 
ponded on ash beds, soil formed on weathered lava, and 
on dense lava flows. Most perched water bodies are thin 
and show little lateral extent. The presence of perched 
water may be indicated by perched springs, usually found 
at higher elevations. 
Dike water is water impounded in compartments 
between dikes in the rift zones of the volcanoes. The 
numerous dikes form nearly vertical walls that are less 
permeable than the masses of ordinary lava flows between 
them. In some of the dike complexes water is held 
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between the dikes to a height of more than 2,000 feet 
above sea level. 
Basal water occurs most commonly in the islands. The 
basal ground water body is the fresh water resting on 
salt water within the permeable rocks that make up most 
of the base of the islands. In the areas considered, 
ground water will not be adversely affected because 
geothermal wells are drilled past the ground water 
aquifer. In addition, surface casing will be set and 
cemented through a competent subsurface formation below 
the basal lens. The drilling, casing installation, 
maintenance and abandonment of all geothermal wells, 
including re-injection wells will be regulated and 
monitored to protect the ground water aquifer. 
Subsurface disposal of geothermal fluids by re-injection 
would be allowed only under controlled conditions. 
e. Air Quality. Assessment of air quality impacts resulting 
from geothermal development requires examination of 
ambient air quality in geothermal rift zones, emissions 
from geothermal wells and power plants, and the current 
level of geothermal emission abatement technology. 
Ambient Air Quality. The chemical composition of 
gases varies with the location of the geothermal reservoir; 
however, the major constituent is typically carbon 
dioxide, and significant amounts of methane and hydrogen 
sulfide with trace amounts of benzene, radon and 
mercury. It should be noted that gases from igneous-
related geothermal resources such as Kilauea East Rift 
Zone typically have much lower quantities of benzene or 
none at all. 
Quantification of pre-development concentrations of 
naturally occurring emissions in geothermal rift zones is 
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essential in order to assess any future changes in 
emission concentrations resulting from development of the 
geothermal resource. 
Quantification was undertaken by the State 
Department of Planning and Economic Development in a 
two-year environmental baseline survey of the Kilauea 
East Rift Zone. Volume 1 of the survey report covers 
the period between December 1982 and December 1983. A 
second-year progress report for the perid between 
January 1, 1984 and May 31, 1984 is also available. 
(Referenced in Exhibit 10). 
The principal parameters measured in this study 
include atmospheric concentrations of particulate material, 
sulfur dioxide gas, hydrogen sulfide gas, chlorine gas, 
carbon monoxide gas, elemental mercury vapor, radon, 
elemental and organic content of particulate material, 
rainwater pH, elemental and anionic content of rainwater, 
and wind speed and directions. 
Baseline ambient levels are summarized as follows: 
Particulate Matter. Total suspended particulate 
levels on the Rift Zone are extremely low. Sea salt 
aerosol, road and soil dust, volcanic emissions, diesel 
exhaust and organic material (pollen, spores, 
vegetative fragments and smoke particles) were found 
to be the principal sources of suspended particulates. 
Sulfur Dioxide Gas. Sulfur dioxide concentrations 
due to volcanic activity can exceed stand and values, 
values for urban areas and human health and plant 
values for days at a time. In the absence of volcanic 
activity sulfur dioxide values are low. 
Hydrogen Sulfide Gas and Chlorine Gas levels are 
very low and well below biological impact levels. 
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Occasional short term episodes of modest concentra-
tions were observed but lasted less than a day. 
Ambient mercury and radon values measured were 
more or less typical of atmospheric values nationwide. 
Higher values for radon were noted at the monitoring 
site closest to the current eruption during the study. 
Proposed State Air Quality Standards for 
Geothermal Development. The State Department of 
Health has drafted revisions to its Administrative 
Rules Chapter 11-59, Ambient Air Quality Standards 
and Chapter 11-60, Air Pollution Control, covering 
geothermal activities (Referenced in Exhibit 10). 
Proposed revisions to Chapter 11-59-4 specify 
ambient air concentrations of carbon monoxide, 
nitrogen dioxide, suspended particulate matter, 
ozone, sulfur dioxide, lead and hydrogen sulfide. 
Emissions from Geothermal Development and 
Abatement. Environmental risks are due primarily to 
atmospheric emissions of noncondensing gases from 
the development and operation of geothermal wells and 
power plants. Hydrogen sulfide, and particulate 
sulfate from the atmospheric oxidation of hydrogen 
sulfide, benzene, mercury and radon are considered 
to be the more significant noncondensing gases from a 
health standpoint. 
Exposure to atmospheric concentrations of 
hydrogen sulfide, benzene, radon, and mercury pose 
potential hazards to public as well as occupational 
health. In addition, exposure to hydrogen sulfide 
and toxic chemicals contained in abatement systems 
also pose an occupational health hazard. 
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The recommended H2S abatement system, the 
Stretford System, is capable of removing over 99% of 
the H2S contained in the noncondensable gases. 
Use of this system would enable facilities to 
comply with the proposed State Department of Health 
air quality standard for geothermal developments since 
this standard required 98% of the H2S present to be 
removed. (Exhibit No. 11) 
As noted in Exhibit 11, Geothermal Technology, 
given the characteristics of the HGP-A reservoir 
fluids and the available emission abatement technology 
which would be required to comply with proposed 
State air quality standards, geothermal facility cooling 
tower emissions should not be toxic and the plume 
should consist entirely of water vapor. Brine from 
the plant will be injected back into the geothermal 
reservoir. 
f. Historic and Archaeological Values. Historical values 
refer to the range of historical activities carried out by 
early Hawaiian residents. Archaeological values refer to 
all structures and artifacts that provide evidence of early 
habitation. 
Evidence of these activities found in remaining 
archaeological sites is critical to reconstructing Hawaiian 
history and pre-history. 
Geothermal development runs the risk of destroying 
such remaining evidence by site clearing and facility 
construction. Geothermal facility siting will be adjusted 
to avoid endangered plants and significant archaeological 
or historical sites. Impacts will be further minimized by 
use of buffer zones surrounding geothermal facilities. 
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g. Scenic and Aesthetic Values. Scenic and aesthetic 
values, in general, refer to landscape qualities likely to 
be impacted by geothermal development. Since most 
geothermal resource rift zones are located in remote 
wilderness areas, some of which are heavily forested, 
development of geothermal facilities can represent a visual 
intrusion. The preservation of natural beauty and 
aesthetics can be achieved by well-planned siting, 
landscaping, well-designed plant architecture, and proper 
mitigation measures. 
(Exhibit No. 10, Circular C-106, "Environmental Impact 
Analysis of Potential Geothermal Resource Areas") 
Geologic Hazards 
a. Lava Flows. Lava flows vary in their flow behavior. 
Thick distal aa flows tend to bulldize, crush, bury, and 
burn any surface structures in their path. The more 
fluid, newly erupted, proximal (near-vent) lava tends to 
flow around obstacles. A fluid flow could enter buildings 
and may not cause much structural damage beyond 
igniting flammable materials and softening and distorting 
some of the metal work. 
can subsequently be 
In principle, fluid pahoehoe lava 
removed and the building 
reoccupied. In principle this would also apply to flows 
covering protective well cellars and thin pahoehoe flows 
surrounding transmission piping. However, recovery 
from a deep or long duration flow could take many 
months. 
b. Pyroclastic Fallout. Explosive high-output eruption 
fountains may eject rock fragments of many types and 
sizes. The fallout range can be appreciable as far as 500 
or 1000 meters away from an eruptive vent or fissure. 
Large fragments tend to fall close to the vent building 
cones and may be tens or hundreds of feet thick. 
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Smaller particles can form a long, narrow, blanket many 
feet thick downwind of the vent. 
The probability of an eruption being potentially 
explosive (with resultant increased debris) increases as 
the coast is approached and is near 100% for a vent 
within about 1 kilometer of the coast. Steam from the 
near-surface water table promotes such explosiveness. 
Other dangers from fallout include lung irritation, poor 
visibility, anxiety or panic, blockage of escape routes, 
and severe cleanup problems. 
c. Ground Cracks. Cracks which may open as much as 
several feet, can be the surface expression of dikes that 
fail to reach the surface. These cracks can produce a 
surface graben in which the ground subsides between two 
parallel cracks. This type of cracking related to magma 
movement is concentrated in volcanic rift zones which are 
narrow and clearly defined. Cracks could possibly open 
outside a rift zone; however, not enough information is 
available to assess the probability, which is considered to 
be low. 
Ground cracking can also be associated with tectonic 
earthquakes. Their formation is often accompanied by a 
relative vertical or lateral displacement of the ground on 
either side. Tectonic ground cracking is usually localized 
in definable zones. 
Ground cracking across a geothermal plant could 
cause a suspension of operation, depending on the extent 
and location of damages. 
Pipes carrying steam between the wells and plant are 
unlikely to be damaged by minor ground cracking, since 
they are designed with expansion joints at regular 
intervals. 
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Ground cracking close to a well bore might open up 
an alternate path for the steam and cause its loss from 
the well. This is unlikely due to the vertical pitch of 
most cracks. However, in the event a crack does 
intercept a well bore several things might happen. If the 
cracks is below the local water table, water could rush 
into the bore and seal the release of steam by hydrostatic 
pressure. If the crack is above the water table, stream 
could escape into the surrounding rock strata. If the 
crack is close to surface, steam could escape and vent its 
way to the surface. In the latter event, a cement plug 
poured from an intercepting directional drill hole may seal 
the leak. 
d. Ground Subsidence. Subsidence from geothermal fluid 
withdrawal is not likely to be a problem; since the islands 
are generally comprised of dense, permeable, self-
supporting basaltic rock, especially in geothermal 
production zones. Of more concern is the volcanic or 
tectonic subsidence which usually occurs on or about 
active rift zones, e.g. Kilauea. 
Small to large grabens may result from the subsidence 
of rock blocks (usually rectangular) which are 
downthrown along or between cracks. 
Subsidence and cracking may also be associated with 
tectonic earthquakes, e.g. subsiding slump blocks along 
the Hilina fault system near Kilauea. 
Collapsing pit craters and lava tubes can result in 
very severe localized subsidence. Pit craters usually 
occur within a summit or rift zone of a volcano. Fragile, 
near-surface lava tubes (usually found in pahoehoe flows) 
are subject to collapse from heavy surface activity. A 
geologic site-survey could identify these hazards. 
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Aside from the immediate effects subsidence may have 
on the foundation and contents of a power plant, 
subsidence also increases the hazards from lava flows 
since flows usually seek lower areas. 
e. Earthquakes. Most earthquakes in Hawaii are volcanic in 
nature, resulting from the vibration of near surface 
f. 
magma movements. They usually cause little direct 
damage. Larger earthquakes tend to be tectonic, 
generally resulting from the movement of large rock 
bodies. 
~%jor earthquake shaking can potentially damage 
poorly constructed buildings. Indirect damage may also 
be caused by smaller, more common volcanic earthquakes. 
Experts have recommended that development facilities be 
constructed to withstand shaking from a 7.5 magnitude 
earthquake. The largest earthquake in the State 
occurred on the island of Hawaii in 1868, having a 
magnitude of 7. 5. 
Tsunami. Tsunamis are large sea waves usually 
generated by movement of large submarine rock masses or 
volcanic eruptions. These waves can travel great 
distances at speeds of almost 500 miles per hour and move 
on shore turbulently or morely rise quietly. 
The tsunami hazard is probably localized to a zone of 
land approximately 2 kilometers wide along the coast, and 
at elevations not much higher than 75 feet. This is not 
expected to pose a significant danger to geothermal 
developments which are likely to be situated at higher 
elevations. 
(Exhibit No. 12, Circular C-107, Geologic Hazards Impact 
Analysis of Potential Geothermal Resource Areas) 
-25-
Compatibility with Land Uses. 
Geothermal development may in some instances not be strictly 
compatible with surrounding land uses or the objectives and 
policies of state and county zoning designations. We believe that 
rather than strict compatibility, an acceptable relationship between 
differing objectives and policies should be sought. An acceptable 
relationship is one in which mitigation of impacts can be achieved; 
one in which a buffer can be provided; one which the need for 
development of the geothermal resources is balanced against the 
mitigated impacts. 
In addressing land use compatibility, several assumptions 
were made. 
o Ambient air quality will not be affected since it is expected 
that current abatement technology will be fully utilized in 
compliance with proposed State Department of Health air 
quality standards for geothermal development. 
o Proposed County of Hawaii Noise Guidelines of 45 decibels at 
night and 55 decibels by day will be complied with. It is also 
assumed that the County of iV!aui will adopt similar noise 
guidelines in reference to geothermal activities. 
o Geothermal facility siting will be adjusted to avoid endangered 
plants and significant archaeological or historical sites. 
o Visual impacts will be minimized by adjusting the location of 
the site, the alignment of structures so as to present the 
smallest possible aspect and by blending structures with 
surroundings by painting appropriately and by use of non-
reflective, light absorbent materials and textures and by 
shielding facilities from view by locating behind a puu, or 
hill, or by placement in a forested area. 
o Impacts will be further minimized by use of buffer zones 
surrounding geothermal facilities. 
Given these assumptions, it was concluded that compatibility 
with existing land uses and zoning can be achieved, and a 
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- subzone designated where clearly there exists a potential for 
production, prospect for utilization, mitigation of geologic 
hazards, and potential economic benefit to the people of the 
state. 
a. State Land Use Districts. The State Land Use Commission 
has place all lands in the State in four major land use 
districts, urban, rural, agricultural and conservation 
which are described as follows in Chapter 205, HRS. 
Urban Districts include those lands that are now in 
urban use and activities or uses as provided by 
ordinances or regulations of the county within which the 
urban district is situated. 
Rubal Districts include activities or uses as 
characterized by low density residential lots of not more 
than one dwelling house per one-half acre and where 
small farms are intermixed with the low density residential 
lots. 
Agricultural Districts include activities or uses as 
characterized by the cultivation of crops, orchards, 
forage and forestry; farming activities or uses related to 
animal husbandry, and game and fish propagation; 
services and uses accessory to the above activities 
including but not limited to living quarters, mills, storage 
facilities, porcessing facilities; and roadside stands for 
the sale of products grown on the premises; and 
agricultural parks and open area recreational facilities. 
Conservation Districts include areas necessary for 
protecting watershed and water sources; preserving 
scenic and historic areas; providing park lands, 
wilderness, and beach; conserving endemic plants, fish, 
and wildlife; preventing floods and soil erosion; forestry; 
open space areas whose existing openness, natural 
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condition, or present state of use, if retained, would 
enhance the conservation of natural or scenic resources; 
areas of value for recreational purposes; and other 
related activities; and other permitted uses not 
detrimental to a multiple use conservation concept. 
Geothermal rsource areas were found to contain both 
conservation and agricultural land use districts as well as 
urban and in one instance, a rural land use district. 
b. Conservation Districts and Sub zones. Conservation means 
a practice, by both government and private landowners, 
of protecting and preserving, by judicious development 
and utilization, the natural and scenic resources attendent 
to land including territorial waters within the State, to 
ensure optimum long-term benefits for- the inhabitants of 
the State. This definition, taken from the Department's 
Administrative Rule for Conservation Districts, clearly 
states basic conservation objective. Four sub zones within 
the Conservation District range from the most restrictive, 
Protective Subzone, to the least restrictive, the General 
Subzone. The Conservation District constitutes a large 
portion of geothermal resource areas. 
c. County General Plans and Land Use Policies. Urban, 
rural and agricultural state land use districts are 
administered by individual counties through their general 
plans, which set forth County objectives and policies for 
long range development, and community plans which 
provide more detailed schemes for implementing general 
plans. 
(Exhibit No. 10, Circular Cl-6, "Environmental Impact 
Analysis of Potential Geothermal Resource Areas"). 
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provide more detailed schemes for implementing general 
plans. 
(Exhibit No. 10, Circular C1-6, "Environmental Impact 
Analysis of Potential Geothermal Resource Areas"). 
D. Second Series of Public Participation and Information Meetings. 
1. The second public informational meetings were used to 
identify potential subzone impact issues and solicit comment on 
the issues presented and to identify any omitted concerns. 
Information gathered was 
impacts and making 
used by the Board in analyzing 
subzone recommendations. After 
evaluating the seven potential geothermal resource areas on 
the basis of resource availability, prospects for utilization and 
examining the social, environmental, economic, geologic 
hazards, compatibility with land use, in addition to the 
statutory State energy objectives and policies, the following 
site was determined as deserving consideration for designation 
as a geothermal resource subzone by the Board of Land and 
Natural Resources: Kilauea Upper East Rift, Hawaii. 
E. Evaluation of Kilauea Upper East Rift Zone. 
As stated in Act 296, it was intended that the Board select 
areas that can best demonstrate an acceptable balance among the 
criteria set forth in the Act. The following summarizes the 
assessment of that criteria in the Upper Kilauea East Rift Zone. 
Potential for Production. 
A Geothermal Resources Technical Committee was formed to 
assist the Department of Land and Natural Resources in the 
identification of potential geothermal resources in Hawaii. 
Upon evaluation of currently available data, the technical 
committee provided an estimate of percent probability for high 
temperature (greater than 125°C) geothermal resource. The 
consensus of the technical committee was that the Kilauea Upper 
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Easf Rift Zone had a greater than 90% chance probability for high 
temperature geothermal resource at a depth of less than 3 km. 
On the basis of positive geotechnical data and the recent 
eruptive and intrusive activity, the Kilauea Upper East Rift was 
determined to have sufficient potential for a high temperature 
geothermal resource capable of producing electrical energy. 
Prospects for Utilization. 
Private geothermal development on the island of Hawaii has 
been stimulated by a request for proposal (RFP) issued in 
December 1980 by Hawaii Electric Light Co., Inc. (HELCO) for 
geothermally generated electrical power to meet their projected 
power requirements in 1988. 
True/Mid-Pacific Geothermal Venture has successfully passed 
the qualifying Phase I which required preparation of a comprehen-
sive development plan. In addition, the developer has prepared 
an environmental impact statement and has received conditional 
approval of a Conservation District Use Permit to explore for 
geothermal resource in the area of the Kilauea Upper East Rift 
Zone. 
It was therefore concluded that there exists a definite 
prospect for the use of geothermal energy to r:Jeet the needs of the 
public and achieve a step toward the goal of energy self-sufficency 
for the State of Hawaii. 
Geologic Hazards 
Potential geologic hazards include lava flows, ash fallout, 
ground swelling and subsidence, earthquakes, ground cracking or 
faulting and tsunami. 
Various methods which could be utilized to mitigate dangers 
from geologic hazards have been outlined in Exhibit No. 12. 
These methods include strategic siting, special construction 
designs and fortifications, evacuation planning, decentralization of 
power plants, and giving development investors a clear economic 
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incentive to utilize mitigation methods by having them assume a 
major portion of the associated risks of loss. No attempt is made 
to prioritize methods since priorities may differ with the risks at 
each specific site and should be addressed during the permit 
application process. 
Historic eruptions have occurred within the proposed Kilauea 
Upper East Rift Zone in 1963, 1965, 1969, 1977 and 1983-84. The 
current Pu'u 0 eruptive activity has covered an area of 
approximately 30 km2 · This eruption began in 1983 and to date 
has been through 28 phases. It should be noted that within the 
proposed subzone area, ground elevation increases as you move 
away from the rift zone axis, thereby providing considerable 
protection to geothermal development located in this area of the 
subzone. In addition, while some flows from Pu'u 0 have 
proceeded in the northeasterly direction, the majority of flows in 
general have flowed south of the proposed subzone. 
Geothermal development will be permitted only upon the 
cessation of the current volcanic activity. Cooled lava flows such 
as those areas that have been covered by recent flows are likely 
to be used for well sites, while safer northern areas are expected 
to be used for power generation facilities. Furthermore, guide-
lines will be implemented by requiring developers to meet specific 
conditions to insure public safety prior to the granting of a 
geothermal resource permit by the State or appropriate county 
agency. 
It was therefore concluded that the utilization of appropriate 
mitigation measures and careful site selection should result in an 
optimum balance of safety and production. 
Social Impacts. 
The major social concerns examined were health, noise, life-
style, culture and community setting, and aesthetics. 
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Hearth Aspects. 
The current level of abatement technology available for use in 
geothermal development is capable of removing 99% of the H2S 
contained in non den sable gases. The recommended H2S abatement 
system is called the Stretford System. 
Use of this sytem would enable geothermal facilities to comply 
with proposed State Department of Health Air Quality Standards 
that require 98% of the H2S present to be removed. 
Noise Aspects. !' . 
. /. 
During the initial phases of geothermal development, such as 
well drilling, production testing and wen bleeding, residents in the 
vicinity of a geothermal site may be exposed to noise levels 
varying from 40 to 120 decibels, depending upon the distance from 
the well site. 
Construction of a rock muffler in addition to acoustical 
baffling should reduce noise levels to about 44 decibels at the 
fence line of the project. Use of noise abatement technology would 
thereby insure compliance with County of Hawaii geothermal noise 
level guidelines of 45 decibels at night and 55 decibels by day. 
Lifestyle, Culture and Community Setting. 
The location of the proposed geothermal resource subzone is 
set back away from the Volcano community, Hawaii Volcanoes 
National Park and the Wao Kele 0 Puna Natural Area Reserve. 
The location is far enough away from present or anticipated 
population centers to allow for mitigation of any potential impacts 
to the residents in the community. 
Aesthetic Aspects. 
Since most geothermal resource rift zones are located in 
remote wilderness areas, development facilities must consider 
preservation of natural beauty and aesthetics. 
Careful siting, landscaping, well designed plant architecture 
integrated with the use of buffer zones can insure the maintenance 
of natural qualities in the Kilauea Upper East Rift Zone. 
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c - It was therefore concluded that potential social imfpacts will 
be minimized by the utilization of proper mitigation measures 
required on a site-by-site basis during the subsequent permitting 
process. 
Environmental Impact. 
The general impact of geothermal development to the environ-
ment will be in the areas of air quality (smell) and aesthetics 
(visual- plumes, towers, etc.). These impacts are expected to be 
moderate. 
' [_./ 
A significant impact on the flora and f)fauna ..would possibly 
occur within the proposed subzone area. A major portion of this 
subzone area consists of Category 1 forests classified as 
"exceptional native forest; closed canopy, over 90% native cover". 
(Reference: Exhibit No. 13) 
Flora and Fauna. There are no endangered plant species 
known to exist in the Kilauea Upper East Rift Zone. Of the 
'r .. , 
numerous rare plants, only the endemic Hawaiian fern, 
Adenophorus periens is known to exist in the Kahauale'a 
section of the Kilauea East Rift Zone. Protection of this 
species will be undertaken at the time specific geothermal 
development sites are identified and botannical surveys 
completed. 
Forested areas in the upper portion of the East Rift Zone 
consist primarily of Category 1, exceptional native forest with 
over 90% native cover and closed canopy, and Category 2 
mature native forest with over 75% native cover interspersed 
with bare lava flows, dated 1968-1973, 1977 and 1983-84. 
Essential endangered species habitat for O'u encompasses 
a major portion of the Kahauale'a area, and extends into the 
Hawaii Volcanoes National Park land to the south. 
While a major portion of this proposed subzone area is 
situated in high quality native forest and an endangered 
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species habitat, only 25% of this habitat in the Kahauale'a 
area has been proposed for subzone designation. 
We believe that site development may impact the 
endangered O'u habitat and native forest, but with careful 
planning and minimal removal of vegetation and trees, 
development activities should not significantly threaten 
existing flora and fauna. 
Surface and Ground Water Impacts. 
Ground water occurs as dike water and basal water in the 
Kilauea East Rift Zone. The only known perched water exists 
north of Mountain View. 
Basal water underlies all of the Kilauea East Rift Zone 
except where dikes occur. Hydraulic gradients along the 
northeast coast of Puna range between 2 and 4 feet per mile, 
with water-table elevations of 12 to 18 feet above sea level 5 
to 6 miles inland. Along the southeastern coast, gradients 
range between 1 and 2 feet per mile, with water-table 
elevations of 3 to 4 feet above sea level a mile and a half 
inland. The main reason for the difference in hydraulic 
gradients between the northeast and southeast coasts is the 
amount of rainfall per unit of surface area and the barrier 
effect of the east rift zone as a barrier to ground water 
movement is demonstrated by the difference in basal water-
table levels. 
The only significant source of saline water that 
contaminates the basal aquifer is sea water, with a chloride 
content of approximately 18,000 mg/l. Because of the effects 
of mixing, most ground water at the coast is brackish. 
Salinity and temperature vary greatly north and south of the 
rift zone. Wells and shafts north of the rift zone are 
characterized by lower temperatures and lower salinities. 
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c - Wells in and near Keaau have water temperatures of 66° to 
68°F. The water temperature of wells near Pahoa ranges 
between 72° and 74°F. Wells located more than 3 miles inland 
generally have a chloride concentration of less than 20 mg/1. 
South of the rift zone, high well-water temperatures and 
salinities are encountered. The water temperature of the 
Malami-Ki well, 2783-01, in 1962 was 127°-130°F with salinity 
betwen 5500 and 7000 mg/1 at pumping rates fo 100 to 480 
gpm. The water temperature of thermal test well NO. 3 in 
1974 was 199°F, with salinity of 2000 mg/1. The average 
chloride content of ground water south of the rift zone is 
probably greater than 300 mg/1, probably due in part to 
heating of sea water by volcanic activity below the basal lens. 
The warmer, less dense sea water rises, contaminating the 
fresh water in the basal aquifer. 
As noted earlier in this testimony, ground water will not 
be adversely affected because geothermal wells are drilled 
past the ground water aquifer. In addition, surface casing 
will be set and cemented through a competent subsurface 
formation below the basal lens. The drilling, casing 
installation, maintenance and abandonment of all geothermal 
wells, including re-injection wells will be regulated and 
monitored to protect the ground water aquifer. Subsurface 
disposal of geothermal fluids by re-injection would be allowed 
only under controlled conditions, and alternate safe disposal 
methods should be developed. 
Air Quality. As noted earlier in this testimony ambient air 
quality conditions within the Kilauea East Rift Zone are being 
monitored. Baseline reports for the December 1982-December 
1983 period indicate that in general measurements for total 
suspended particulates, hydrogen sulfide gas, and chlorine 
gases are very low, well below biological impact values. 
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Ambient mercury and radon values measured were found to be 
typical of atmospheric values nationwide for these elements. 
The only exception was found in sulfur dioxide gas, 
which, due to volcanic eruptions during the period, exceeded 
standard values for urban areas, uman and plant health for 
days at a time. However, in the absence of volcanic activity, 
sulfur dioxide levels are low. 
As noted earlier, use of the best available abatement 
technology will allow geothermal resource developers to comply 
with proposed State Department of Health air quality 
standards for geothermal development. 
Noise Impact. In May of 1981, the County of Hawaii Planning 
Department issued a set of Geothermal Noise Level Guidelines 
to provide proper control and monitoring of geothermal-related 
noise impacts with stricter standards than those prevailing for 
Oahu and state-wide, based on lower existing ambient noise 
levels for the Island of Hawaii. The County of Hawaii Noise 
Guidelines of 45 decibels at night and 55 decibels by day will 
be complied with. 
Historic and Archaeological Values. There are no known 
archaeological sites within the Upper Kilauea East Rift Zone. 
Should any sites be discovered during exploration and later 
development of geothermal facilities, facility location and road 
and pipeline alignments will be adjusted to avoid such sites 
and thereby minimize any impact to the site. 
Scenic and Aesthetic Values. Development of geothermal 
facilities can represent visual intrusion. Observation of 
power plants from publicly accessible view points in the 
Volcanoes National Park and other areas outside the park is 
the primary visual concern in the Kilauea Upper East Rift 
Zone. A terrain analysis of visual impact was prepared for 
the Kahauale'a Environmental Impact Statement. Statements 
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c - contained in that document indicate that some visual intrusion 
may occur in certain view corridors. 
We believe visual impact can be minimized by well-planned 
siting of facilities, landscaping, and well designed plant 
architecture. 
Recreational Values. Recreational values in remote areas such as 
Kahauale'a include hiking and hunting. These activities are not 
usually limited to specific areas and could occur anywhere. 
Geothermal development may in certain instances affect the number 
of game animals present and degrade hiking and recreation 
experiences found in remote wilderness areas. 
It is concluded that there are potential impacts from 
geothermal development. However the recommendation to subzone 
this area was based on the assumption that through the utilization 
of current geothermal abatement technology as outlined in Exhibit 
11, and with developer compliance with existing State Department 
of Health air quality standards and County noise guidelines, the 
risk from potential environmental impacts can be safely mitigated. 
Compatibility of Geothermal Developmenmt with Existing Land Uses. 
Land uses in the proposed subzone consist primarily of the 
forested areas of Kahauale'a - exceptional native forest and mature 
native forest interspersed with bare lava flows. As noted earlier, 
most of the forested areas provides habitat for the endangered 
_O'u, a native forest bird. / 1.-_" _,_· 
Surro-unding the subzone and separated from it by a 2000-foot 
buffer zone, land uses include the Hawaii Volcanoes National Park 
to the south and southwest, forested areas of Kahauale'a, 
1 I I I • 
-, 
. - r including_ 8Jfte'nsi le 
/ 
' ._,; ,; , i I ': 
~·a !tabimt, between: the subzone boundary 
and Highway 11, on the north, and the Wao Kele 0 Puna Natural 
Area Reserve on the east, also separated by a 2000-foot buffer 
zone. Included in the assessment of existing land is the Campbell 
-37-
Estate True/Mid-Pacific Geothermal Development area approved for 
exploration by the Board of Land and Natural Resources in 1983. 
Compatibility simply means living harmoniously, and obviously 
some land uses are more compatible than others. 
We realize that geothermal development may in some instances 
not be strictly compatible with surrounding land uses, however, 
once potential impacts have been identified and mitigation measures 
assured, we do believe that it is possible to achieve an acceptable 
balance or relationship between the proposed development and the 
existing land use. 
The provision of a 2000-foot buffer zone, emission abatement 
technology which will meet Department of Health air quality 
standards, use of mufflers and baffles to ensure compliance with 
County noise guidelines, siting, structure -design, choice of 
building materials, alignments to minimize visual impacts - all serve 
to mitigate potential impacts and achieve greater compatibility with 
surrounding land uses in the proposed Kilauea Upper East Rift 
geothermal subzone. 
Economic Impact. 
Based upon the available data, the following scenerio was 
used in the economic assessment: that a 20 to 30 megawatt (MW) 
plant would built, and that the application of geothermal resource 
would be for the production of electricity for local consumption. 
The selection of a 20 to 30 MW scenario was based n the 
projected optimum sign of the power generating unit to be used for 
local power distribution. This represents the total projected 
market for the new generation capacity based on the estimated 
growth in demand, combined with the reduction of existing fuel oil 
generation capacity. 
The economic impact on a State-wide and County-wide basis 
would be in the area of direct wages to the 25 direct project 
employees of about $560,000 per year. This direct income could 
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stimulate a multiplier effect totaling an estimated $1.3 million. 
Additionally, an estimated 57 additional jobs would be created. 
Utilization of geothermal energy will also result in additional 
revenue to the State from royalties received for those sites on 
State owned lands or private lands with State mineral rights 
reservations. These royalties range from a minimum of 10 percent 
to 20 percent of the groww revenue produced. Assuming a 10 
percent royalty rate based on our 20 to 30 l\IW scenario, the 
estimated gross annual revenue of $9.9 million would yield to the 
State approximately $1 million in annual revenue. 
Independent of the size of the plant utilized in the 
assessment, a more definitive evaluation of the relative gain or loss 
due to geothermal development activities must be made on a 
case-by-case basis. In addition, direct use applications of 
geothermal resource would modify the plant size requirements and 
alter both benefits and costs realized by the existence of a 
geothermal plant. 
Compatibility of Geothermal Development with the Uses Permitted in 
the Conservation District. 
The Kahauale'a section of the Upper East Rift Zone is zoned 
Conservation, Limited Subzone. The objective of the Limited 
Subzone as stated in the Department's Administrative Rule, Title 
13, Chapter 2, is to limit uses where natural conditions, such as 
volcanic activity, suggest constraints on human activities. As 
such, in accordance with the Administrative Rule, all uses 
permitted in the Protective Subzone are also permitted in the 
Limited Subzone; emergency warning systems, or emergency 
telephone systems are permitted; and flood, erosion, or siltation 
control projects are permitted as well as the growing and 
harvesting of forest products. VJhile intermittent use of the 
Limited Subzone may be permitted, a constant use, such as a 
residence, is not. 
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- - Development of geothermal facilities would entail intermittent, 
limited use of the Conservation District by persons operating a 
geothermal facility. Evacuation of a limited number of individuals 
from an area in the event of volcanic activity can be accomplished 
quickly, thus conditional use of the Limtied Subzone could be 
allowed. 
Although no portion of the Subzone is zoned Protective, the 
most restrictive Conservation District Subzone, all uses permitted 
in the Protective Subzone are also permitted in the Limited 
Subzone. Since use of the area for "monitoring, observing· and 
measuring the natural resource" is permitted in the Protective 
Subzone, exploration for geothermal resources can and has been 
permitted by the Board of Land and Nat ural Resources. 
Development of geothermal resourses can lead to widespread 
public benefit. Use of lands within the Conservation District, 
Protective Subzone, in which the public benefit outweighs any 
impact to the Conservation District, is also permitted. Public 
benefit from geothermal resources to be developed in the Upper 
East Rift Zone has been established and mitigation of potential 
impacts can be accomplished. As such, we believe an acceptable 
balance between geothermal development and the objectives of the 
Conservation District has been established. 
F. Closing Remarks. 
In closing, the Department of Land and Natural Resources 
believes that the record demonstrates full compliance with the 
Legislative intent of Act 296 and Act 151 directing the Board of 
Land and Natural Resources to designate geothermal resource 
sub zones. 
The record, consisting of all exhibits attached hereto, 
adequately and fully addresses the criteria for assessment indicted 
by the Legislature and contained in Act 296. 
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- - Information contained in the record is based on the c_u:.r:~l!.tlY 
available informati_on as of this date and the technical input and 
guidance of a capable technical committee and division staff. 
In summary, it should be noted that twenty separate areas in 
the State of Hawaii were identified as having potential geothermal 
resources. Of these, five sites on the island of Hawaii and two on 
the island of Maui were determined to have sufficient probability of 
locating high temperature geothermal resources with the potential 
of producing electrical energy. High temperature is defined to be 
greater than 125 degree celsius or 257 degree fahrenheit at depths 
less than 3 kilometers or 9, 840 feet. After subjecting the seven 
areas to impact analysis by examining factors on geologic hazards, 
social and environmental impacts, compatibility with present uses of 
surrounding land, potential economic benefits, and compatibility 
with conservation areas, it was concluded that three areas 
warranted consideration for designation of geothermal resource 
subzones by the Board of Land and Natural Resources under 
authority of Act 296, SLH 1983 and Act 151, SLH 1984. 
On November 16, 1984, the Board designated the Kilauea 
Lower East Rift Zone and the Haleakala Southwest Rift Zone as 
Geothermal Sub zones. 
With respect to the Kilauea Upper East Rift Zone, we provide 
the following summary. 
This area has a 90 percent or greater probability of locating 
high temperature geothermal resources and the prospect of 
utilizing the resource is good. 
Significant impacts expected to be encountered include the 
proximity to the Kilauea Volcanoes National Park to the west and 
the Natural Area Reserve System designation to the east. Addi-
,--, I ~ - -
tionally, the endangered bird O'u has beert"'i'mmti:fi.edc---to 1\ habitat 
the area and high quality native forest are located north of the 
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rift -zone. Moderate impacts include scenic and aesthetic values, 
air quality, employment and housing needs. 
Since early 1983, active volcanic activity centered on Puu 0 
has been taking place in the area. The current volcanic flows are 
viewed as temporary in nature and when the activity ceases, 
drilling over the volcanic flow is considered feasible and desirable 
considering the effects on other environmental values in the 
surrounding areas. 
The area includes the Board of Land and Natural Resources 
authorization for a Conservation District Use Application to the 
Estate of James Campbell for the exploration of geothermal 
resources. 
In consideration of mitigating the significant impacts expected 
to be encountered, the proposed area provides for a 2, 000-foot 
buffer area to both the Volcanoes National Park and the Natural 
Area Reserve System. In addition, the encroachment into the 
native forest area has been minimized to concentrate exploration, 
development, and production activities towards the rift or volcanic 
flow areas. The northern boundary extends approximately 25 
percent into the native forest area. 
It should be noted that subzoning constitutes the first phase 
in the utilization of geothermal resources. Exploration, 
development and production will be subjected to subsequent 
case-by-case analysis prior to the issuance of State or County 
permits. No development activity can take place without meeting al 
the requirements specified in these permits. 
After assessing all of the factors outlined in Act 296 based on 
currently available public information, the Department believes that 
the Kahauale'a area proposed for designation as a subzone meets 
the criteria of demonstrating an acceptable balance amongst the 
factors set forth in Act 296. 
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- - The Department of Land and Natural Resources therefore 
believes that the public benefit of geothermal development, as an 
alternate energy resource, far outweighs any mitigated impact on 
the natural resources of the Kilauea East Rift Zone. 
In addition, it is vital for the State do proceed with the 
development of geothermal energy in order to reduce our 
dependency on imported fuel oil. The designation of geothermal 
resource subzones is the first step toward energy self-sufficiency 
for the State of Hawaii. 
We recommend that the Board adopt our conclusion and grant 
the designation of the Kilauea East Rift Zone as a geothermal 
subzone. 
Thank you. 
Dated: Honolulu, Hawaii, December 7, 1984 
Manager-Chief Engineer 
Division of Water and Land Development 
Department of Land and Natural Resources 
State of Hawaii 
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TESTIMONY OF CHARLES HELSLEY, PH.D. 
FOR CONTESTED CASE HEARING 
Chairman and Members of the Board of Land and 
Natural Resources, I am Dr. Charles Helsley, a professor of 
geophysics at the University of Hawaii and Director of The 
Hawaii Institute of Geophysics. I am testifying in my 
individual capacity today and not as a representative of the 
University. I have a Bachelor of Science and a Master of 
Science Degree in Geology from the California Institute of 
Technology and received my Doctor of Philosophy Degree in 
Geology from Princeton University. I have been actively 
involved in the field of geophysics for over 25 years. 
I have reviewed the Statewide Geothermal Resource 
Assessment (Circular C-103) and the Geologic Hazards Impact 
Analysis of Potential Geothermal Resource Areas (Circular c-
107) and believe that these documents are an excellent 
appraisal of the geothermal resource potential in the State 
of Hawaii. The Technical Committee's approach and analysis 
was very professional and thorough. Based on my experience 
as a geologist and as a participant in the evolution of 
geothermal energy in Hawaii, I '"holly concur with the 
findings. 
As far as geologic hazards are concerned, all parts 
of the rift zone of Kilauea are subject to lava inundation 
and this fact is well recognized by all the developers. 
Circular C-107 succinctly summarizes these potential hazards 
and the possible mitigation efforts that could be attempted. 
Almost all of the issues have been discussed previously in 
the Kahaualea EIS or the testimony related to the various 
hearings associated with the Kahaualea CDUA. This testimony 
is in fact the basis of some of the statements in C-107. 
Perhaps one point brought out in C-107 needs to be 
emphasized. Since the geothermal resources of Kilauea are 
intimately associated with the cause of the volcanic hazard, 
it is essential for the welfare of the public that the 
geothermal development be distributed. Any individual 
eruption rarely, if ever, affects both the Lower .a..n.d Upper 
East Rift Zone yet any one eruption could disrupt operations 
in either area. Thus it is essential for electrical power 
generating capacity stability that at least some facilities 
be developed in both areas. The distributed, yet 
interconnected, powerplant sites (A, B, C, D) proposed for 
the Kahaualea project clearly recognized this need for 
separation so that all of one's facilities would not be 
disturbed by any one event. But to do this one must have 
facilities. The geothermal resource subzone for the upper 
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portion of the East Rift zone as proposed by DLNR provides 
the necessary room to accomplish this separation. Moreover, 
the development plan presented in the CDUA provided a series 
of interconnected access roads into the area that is most 
likely to be affected by lava with the full realization that 
alternate evacuation routes would be necessary in case of 
emergency. In the proposed plan only the main access road 
which is unlikely to be subject to lava hazard is not 
redundant. 
In evaluating the impact of geologic hazards, I 
believe that Figure 8 in ''A Report on Geothermal Resource 
Subzones for Designation by the Board of Land and Natural 
Resources" should be revised slightly to show that the Lower 
Kilauea East Rift is subject to being impacted by ground 
cracks and ground subsidence. My opinion is based mainly on 
Figures 14 and 15 in Circular C-107. Figure 14 highlights 
the areas believed subject to relatively high risk of 
subsidence. Figure 15 delineates areas with high, medium, 
and low risk of surface rupturing. It is apparent to me that 
both the Lower and Upper East Rift is subject to high risk of 
subsidence and high risk of surface ruptures. All other 
things being equal, the Upper Rift zone should not be 
excluded from geothermal subzone designations because of 
impacts of geologic hazards. 
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Finally, the current hazard associated with the 
Pu'u 0 eruption is an economic hazard, rather than a "people" 
hazard, that has always been recognized by the developers. 
This eruption will eventually end, as all eruptions do, and 
in my opinion the current activity supports rather than 
detracts from the economic viability of the proposed 
Kahaualea project. 
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I. BACKGROUND 
Testimony of Gerald ~iimi 
for 
Contested Case Hearing 
Mr. Chairman and Members of the Board of Land and 
Natural ~esources, this report is submitted on behalf of the 
True/Mid-Pacific Joint Venture and the Escate of James 
Campbell, developers and landowners of Kahauale'a located in 
the ?una District, Island of Hawaii. Kahauale'a is located in 
the East ~ift Zone of Kilauea Volcano where geothermal steam 
and hot water have been discovered and is being produced 
approximately 13 miles away in the Lower Rift zone. 
The purpose of this report is to present information to 
t~e Board of Land and Natural Resources to support the staff 
recommendation designating Geothermal Subzones in the State 
of Hawaii (Circular C-103). In addition to resource related 
areas, I nave Lncluded additional information relative to 
Geologic Hazards(Circular C-107) and Geothermal Technology 
(Circular C-108). 
I ~ave worked directly in the geothermal industry since 
1973 in engineering and management capacities. My expertise 
is ln cesource assessment, reservoir engineering, well 
testing, and operations management. I have advised clien:s in 
many areas of t~e U.S. and the world. My background is both 
l 
diverae and prac~ical such that I believe my comments ~auld 
be percinent in planning and operating a geothermal project. 
Prior to worki~g in the geotnermal industry, I had 10 years 
of experience in the oil industry 1n both staff and 
supervisory posi~ions. Those 10 years ~ere spent working on 
~ajar projects for ~xxon Company USA in Texas, California, 
and Alaska. I an a Registered Petroleum ~ngineer in the State 
of California. 
II. RESOURCE EV!~ENCE IN KAHAUALE'A, UPPER EAST RIFT 
Based on ~y review of the Statewide Geothermal Resource 
Assessment Report (Circular C-103), I strongly concur with 
the Technical Committee's recommendations. I also concur ~lth 
their methodology in arriving at the location and extent of 
the high temperature geothermal resources. The Staff and 
Technical Commi~~ee should be complemented for their work, 
particularly in che face of a very tight time schedule. 
In my report to the Technical Commi~tee entitled 
"Evidence of Geothermal Potential in Kahauale'a", I presented 
all t~e infoc~ation available to me to 
Je~eloper's contention that a viable geothermal resource 
exists within tne boundaries of Kahauale'a to justi~! an 
2 
~xploraci•Jn and development project. Probably the most 
a commercial resource compelling 
was found 
evidence is 
in the Lower 
the fact that 
Rift. Since the Upper Rife is the 
identical geologic province, the existence of a resource is 
highly probable. The Statewide Assessment carefully addressed 
:he detailed ~vidence and ar~ived at essentially the same 
conclusion. 
Even though there is a high probability of a commercial 
resource a: Kahauale'a, the recent Kilauea eruption at Pu'u 0 
requi~es further affirmation thac drilling and production 
operations can be conducted safely if hazards are encoun:ered 
and otherwise with minimum disturbance to the community and 
natural environment. 
III. GEOLOGICAL nAZARDS 
A lava flow is the most probable hazard that confronts a 
geot~~~mal proJect in the East Rift zone. Circular C-107 
addresses, in some detail, the mitigating measures tilat are 
availaole and that could be employed. The frequency, 
location, and duration of eruptions are unpredictable such 
that certain risks are presented. During drilling the 
developer bears the entire risk. Even in the production 
3 
Jhase, 
since 
9ri~ace capital can bear the risk wholly or in par~ 
the powe~ plants can be privately financed and owned. 
The public will only bear a minimum risk no greater than the 
risk of routine weather related accidents to an electrical 
distribution sys~em. 
Drilling will oe conducted with personnel safety and 
well security as high priorities. 
planned: 
The following measures are 
As a practical matter, I would not advise drilling 
~o be ini~iated near an active eruption. 
2. Modern metallurgy is quite capable of handling 
situations where lava is encountered on the surface or 
sub-surface. ~ellbore bridge plugs will be available to 
isolate any productive sub-surface formations if drilling 
operations muse be curtailed. In addition, surface valves and 
blowout prevencers will provide further security. The general 
Qractice is :o i~stall ~~dundant valves or blowout preventers 
for celiaoili~J. Ti1e major supplier of geothermal wellheads 
and valves is ~-K-M. They have stated thac the wellneads and 
~alves will no~ melt ~ven if covered by a lava flow. 
sxperimencs oy Sandia Laboratories in Kilauea Iki Lava Lake 
showed thac casLng can be installed even in molten lava and 
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:hdc ~1eat exchangers exposed to molcen lava 
tem9eratures and gases. 
withstood :ne 
3. Dikes or berms will oe constructed where possible 
to divert a lava flow away from drill sites and power planes. 
In ~he Upper Rif: Zone the topography has generally a steeper 
slope than the Lower Rift. As such, lava barriers would 
probably have better results there chan in the Lower Rift 
Zone. Furthe~more, the relative proximity to residential 
areas in the Lower Rift makes diversions more risky. There 
are more open lava Eields in ~ne Upper Rift where flows can 
~e diverted. 
4. GVacuation plans will be maintained and drills 
conducted to train personnel in proper procedures for an 
orderly operation. 
5. smaller plants may be utilized to reduce the s1ze 
of each development and lessen vulnerability to lava flows. 
~real diversification is the best protection for the public 
against disrupcion of electrical service. Most power plants 
can operate at higher than name plate ratings such that a 5 
MW plant could generate nearly 10 MW. This could compensate 
for the loss of another power plant. The best illustration is 
the Occidental Geothermal Plant #l in The Geysers where a 
s 
~urbine ca11 produce twice it.:; rated oucput oy 
increasing ~he pressure and flow of steam to the turbine. 
:7. GEOTHERMAL TECHNOLOGY 
The nigh cost of geothermal operations has fostered the 
growth of technology in drilling, power plant design, and 
~nvi~anmental protection systems. Industry continues to 
de'Jelop new equipment and skills to improve operating 
effLciency ~nd safety for all concerned. Two areas, noise and 
~25 abacemenc, s~andout as having made outstanding progress 
~oward res~onsi8le operations. 
1 
~. NOISE 
Jisturoance due to noise is a function of d1stance from 
=he source and sound intensity. Noise levels at the drill 
site must ~e maintained below levels that may present a 
~~alth ~3zard t~ ~ig personnel. C:he intent LS co :naintain 
:JEJe.ca 1~ i.!)OS that are in compliance wi til county noise 
guLdeli.nes. The loudest source of noise is when ateam olows 
from a well without any muffltng device. Si:1ce all air 
jrilling wlil ~e conducted with a cyclone muffler (See ?igure 
3 in Circuiar C-108 Geothermal Technology), noise should be 
Jnder control. In fact, an additional noise abatement 
cechnique employed in The Geysers is to pump water into the 
blooie line. This reduces noise on the order of 10-20 db. 
During a well test, the well will always be connected to a 
muffler of some kind. In the event that blowing the well to 
atmosphere (venting) is the only alternative, then a 
temporary disturbance may occur in communities surrounding a 
drill site. The only condition that would force venting to 
occur would be ·c 1 L ' for some reason, the well started to 
produce a large amount of rock and debris to the extent that 
plugging of the cyclone muffler or the rock muffler occurred. 
When such a condition occurs, the severity of the proolem 
~ust be known, therefore venting is necessary to observe 
whether the condition is improving (cleaning up), staying the 
same, or getting worse. This knowledge is necessary in order 
for the field manager to decide on the proper course of 
action to correct the problem. Devices known as rock catchers 
can be installed downstream of the wellhead to re~ove the 
cock and prevent them from damaging the rest of the system. 
~hcse devices must be custom made for the severity of rock 
QLOblems. 
HGP-~ gives us an idea of what an operation m1ght be 
l . ' L~Ke. Since the power plant started up, HGP-A has never been 
:ree v~nced without a muffler. This record is an important 
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:efe:ence point from which to measure noise 
impacts. 
A no1se-free operation is highly desired by the worker 
1n a geothermal operation. No one wants to vent a well unless 
it is absolutely the last resort. 
2. 22S ABATEMENT 
Control of hydrogen sulphide(H2S) has a high priority in 
geo~hermal operations because of its potential hazard to 
per3onnel. Therefore, similar incentives to controlling noise 
apply cO contr0lling H2S. ?eople will not be available to 
work if :he operation is unsafe and unpleasant. It is 
definicely to the developer's benefit to maintain the areas 
around power plants, drilling 
hazard free condition. 
rigs, and wells in a safe, 
The cechnology for efficient n2S abatement is available 
in many forms depending on the resource and size of plant. No 
DC~Jec~ can be planned, nor will they be approved, without 
In Geothermal Technology(Circular C-108, a 
st~~emenc is made on page 5 that well cnrottling as a means 
to c~duce H2S e~issions, may induce added stress which could 
damage a well's casing or wellhead. This could happen but is 
no~ likely because wells are designed to withstand at least 
3 
:. :"'ice the 2xpected pressure at ::emperature 
2xpecced. ?ucther, expansion spools are available co allow as 
:nuch as 4 feet of casing expansion or contraction. This 
device is Aldely employed on bot water wells in the :mpe~ial 
'Ialley. ~:ie ability to throttle and shut-in wells lS 
assen~ial not only for H2S abatement but also for safei:y 
::ea.sons. ~ears that geothermal wells and power plants Aill 
spew poisonous gases is a myth held by the uninformed. 
coNc=-.,usroN 
where it 1 S found. It cannot be developed 
->'~here des:..red. Therefore, a system of mutual respecc and 
coexistence is a reasonable compromise that should be 
-?.tcainaol~. I do not see any reason why geothermal could noc 
iJe dev~loaed in a responsible manner in Hawaii 3Uch chat the 
indust:y and community would be proud oE it. 
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WORK EXPERIENCE 
THERMASOURCE, INC. Santa Rosa, California 
July 1980 to present: Vice President of Resource Development for geothermal 
consulting firm. Services to clients include project management, well testing, 
resource assessments, pressure buildup analysis, and project economics. 
THERMOGENICS, INC. Santa Rosa, California 
May 1978 to July 1980: Operations Manager responsible for da1ly steam deliveries 
to 55 MW geotherma1 power plant. Coordinator of drilling activities between 
arilling consultants, field operations and geologists. In charge of general 
admin1stration of home office including cash flow performance, procurement, per-
sonnel administration, and regulatory compliance. Prior to that held position 
of Chief Reservoir Engineer. Duties included estimation of steam reserves, pro-
"' ject1on of well productivities, well testing and recommendation of capital invest-
ments to maintain steam supply. Advised management on matters pertaining to 
l 
joint ventures and property acquisitions. Promoted to Operations Manager in 
August 1979. 
EXXON COMPANY U.S.A. Houston, Texas 
August 1968 to May 1978 
1974-1978: Senior supervising engineer in Western Division Office, Los Angeles, 
California. Responsible for planning the development of Hondo Field in Santa 
Ynez Unit. Duties included selection of drilling locations, completion intervals, 
and updating reservoir description. Also represented company in technical 
meetings during unitization of Prudhoe Bay Field. Work involved detailed calcu-
lations of oil-in-place using well logs and cores. Advised Exploration Depart-
ment on prospect evaluation and economics for competitive lease sales in Gulf of 
Alaska and Lower Cook Inlet. Other activities included technical reviews of 
projects recommended by District engineers, conducting seminars on economics and 
investment evaluation, and supervising Division computer operations. 
1972 to 1974: Staff engineer in Kingsville District, South Texas. Responsible 
for reservoir surveillance and management of several fields and about 500 wells. 
Prepared workover and drilling recommendations and initiated capital projects 
such as compressor installations. Experience in oil and gas production opera-
tions, waterflood projects, and gas injection and cycling projects. Completed 
major field oil and gas depletion studies and reserve estimates. Promoted to 
Supervising engineer in 1973. Transferred to Los Angeles in 1974. 
1968 to 1972: 
development of 
Later assigned 
Engineer in Western Division Office, Los Angeles. Responsible for 
subsea electrical connectors for deepwater oil production system. 
to Planning Group charged with assessing facility, manpower, and 
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permitting requirements for development of various offshore prospects. Performea 
detailed study of Monterey Chert reservoir in Santa Ynez unit using computer 
simulation. Results of studies led to installation of 850' platform in Santa 
Barbara Channel. 
EDuCATION 
Purdue university, 1965. B.S. in Electrical Engineering. Eta Kappa Nu 
Honorary Electrical Engineering Fraternity. 
Post graduate work in Business Administration at university of Southern California, 
1969 to 1972. 
Attended Exxon's Reservoir Engineering School, Effective Supervision School, 
Advanced Management Seminar, Basic Geology and Well Logging School, and Well 
Testing Seminar. 
MILITARY SERVICE 
uSNR (Civil Engineer Corps), 1965-1968. Attained rank of Lieutenant. Attached 
to NAS Lemoore 1965-1967 as Contracts Administrator for Navy construction projects 
and service contracts. Attached to NAF Cam Ranh Bay, Republic of Viet Nam, 1967-
1968 as Public Works Officer. Command of 30 man organization performing con-
struction and maintenance functions. Resigned commission in 1970. 
PROFESSIONAL MEMBERSHIP 
SPE of AIME Golden Gate Chapter. 
Geothermal Resources Council. 
Registered Petroleum Engineer (California). 
PERSONAL DATA 
Born: November 16, 1943 at Kahuku, Hawaii. 
Married: 1969. Wife a former elementary school teacher. One child. 
Health: Excellent. 
Hobbies: TV and radio repair, golf, gardening, horseman. 
TESTIMONY OF CHARLES H. LAMOUREUX 
FOR CONTESTED CASE HEARING 
l. INTRODUCTION 
My name is Charles H. Lamoureux. I am a professor 
of botany at the University of Hawaii at Manoa, where I have 
been employed as a faculty member since 1959. I mention 
this merely to establish my credentials since I am speaking 
today simply as a professional botanist; I am not 
representing the University of Hawaii nor the State of 
Hawaii. I hold a Bachelor of Science degree in botany from 
the University of Rhode Island, a Master of Science degree 
in Botany from the University of Hawaii, and a Doctor of 
Philosophy degree in Botany from the University of 
California at Davis. Since 1953 I have been actively 
involved in the study of Hawaiian botany and have conducted 
botanical field studies here. Since 1980 my research has 
centered especially on the study of Hawaiian ferns. The 
details of my experience, qualification and scientific pub-
lications are included in the curriculum vitae attached to 
this statement. 
My familiarity with the botany of the proposed 
Kilauea Upper East Rift zone (Kahauale'a) Geothermal 
Resource Subzone is based on a number of visits to nearby 
areas of the Kilauea Upper East Rift Zone between 1954 and 
1976; on four days of fieldwork in the proposed Subzone 
itself in 1981 and 1982 (in connection with preparation of 
part of the environmental assessment for CDUA No. HA-3/2/82-
1463); and on three more days of field work in and adjacent 
to the proposed subzone on December l-3, 1984, just before 
the last phase of the Pu'u 0 eruptio~ 
2. ADENOPHORUS PERIENS: AN UPDATE 
In Kahauale'a and vicinity is the only known 
remaining large population of the endemic Hawaiian fern 
Adenophorus periens. (A small population of less than 100 
plants, has recently been discovered on Molokai). This 
plant has been proposed for listing ~s an endangered species 
under Federal law, and is currently under review. 
The record of In re the CDUA of the Estate of James 
.£:.i!.ID.P.!2~.l.l (CDUA No. HA-3/2/82-1463) incorporates the 
testimony I presented on the distribution, ecology, and 
potential effects on this fern of proposed geothermal deve-
lopment at Kahauale'a. Today I wish to update that informa-
tion based on recent studies of the status of the plant, 
after nearly two years of nearby volcanic eruptions, and a 
period of pronounced drought in the area. 
The effects of recent volcanic eruptions have 
been of three types: 
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(a) some forest areas supporting the fern have 
been covered by lava flows originating from the Pu'u 0 vent; 
(b) other forest areas have been impacted by 
tephra (cinder) fallout, associated with fountaining from 
the same vent; and 
(c) the forest 
additional forest areas, 
volcanic fumes. 
areas impacted by tephra, and 
have been adversely affected by 
In previous testimony estimated population size of 
Adenophorus periens was based on 6500 acres of forest in 
Kahauale'a of the type supporting 10 or more plants of the 
fern per acre. Recent lava flows have covered only a small 
part of this area. (The flows may have covered some 
additional fern habitat in the Wao Kele 0 Puna Natural Area 
Reserve, but this area was not included originally in 
estirna ting population size). 
The tephra and volcanic fumes associated with 
eruptions from Pu'u 0 seem to have had a more severe effect 
on Adenoghorus periens than have the lava flows. At one 
site about 1.5 miles NW of Pu'u 0 which we sampled on 
December 2, 1984, 50 of 51 Adenophorus periens plants 
appeared to be dead. This was in an area with about 2 
inches of recently deposited tephra on top of the soil, 
pieces of the volcanic materials were still present on the 
tips of tree fern sterns and in the crotches of tree 
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branches, and many of the plants here showed scorched or 
burned areas where the falling tephra had touched them. 
Further from the vent the damage was less severe. 
For example, at a site about four miles N of Pu'u 0, near 
the end of Captain's Drive, which we sampled on December 3, 
1984, 57 of 100 plants were alive and apparently thriving, 
while 43 appeared to be dead. In this area there was no 
evidence of any recently deposited tephra. 
l'lhile the tephra was obviously one source of damage 
at the first site, in both sampled sites it is probable that 
some of the damage observed resulted from the presence of 
volcanic fumes and some resulted from the rather severe 
drought which has recently occurred in the area. It was 
not possible to separate precisely the effects of the 
draught from those of the volcanic fumes. However, the 
effects of the drought would be expected to be similar 
throughout the area, while the volcanic fumes would be 
expected to be more severe closer to the vent. 
There is no previous work on Adenophorus periens 
which would facilitate accurate prediction of what sort of 
recovery is likely to occur. Some other ferns in the areas 
have already started to recover, probably as a consequence 
of recent higher rainfall; some, including Adenophorus 
periens, are not yet showing significant recovery, but they 
may well do so with continued wet conditions. The recovery 
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rates and extents of most species would seem to be related 
primarily to rainfall, and it is also possible that the 
original damage from fumes and from cinders might well have 
been less pronounced had the plants not been suffering from 
drought at the time of the eruptions. 
Given that there had not been eruptions of this 
magnitude in the Kahauale'a area for at least 200 years, I 
would suggest that the Adenophorus periens population in the 
area could eventually build up to its pre-eruption status 
again, although it might take several decades, or even a 
century or two to happen. 
3. RELATIONSHIP BETWEEN CURRENT STATUS OF ADENOPHORUS 
PERIENS AND POSSIBLE GEOTHERMAL DEVELOPMENT IN THE 
PROPOSED SUBZONE 
In comparison with conditions prior to the Pu'u 0 
eruptions, the population of Adenoohorus periens in the 
proposed Geothermal Resource Subzone is considerably lower 
today, and the activities associated with geothermal site 
development would probably result ir direct damage to fewer 
plants of Adenophorus periens than was previously the case. 
Site development could interfere with recovery of the 
species, but the risks involved here are difficult to 
evaluate when the course of recovery is still uncertain. In 
any case, it is unlikely that interference with recovery 
would have any more significant effects on AdenophO['JS 
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periens than the project would have if it had been carried 
out under the conditions existing in the area before the 
recent eruptions. 
The best remaining area of Adenophorus periens is 
now located outside and north of the proposed Geothermal 
Resource Subzone. It could probably be further protected by 
inclusion of some sort of sanctuary. 
Of the four facccu:·[, responsible for the recent 
de c 1 i n e of .£;.Qg.n..Q.P.h.9.£.1!.§ .P.S:.L:.i..e.Dl>, 1 a v a f 1 ow s, tephra 
deposits, emission of volcanic fumes and drought, the only 
one which rJight be affected in any way by geothermal 
development would be the emission of fumes from geothermal 
wells and power plants. j It seems reasonable to assume that 
any air quality standards which have been or will be adopted 
will assure that quantities of emissions from geothermal 
development will be well below the amounts released during 
eruptions, and probably below the amounts necessary to cause 
damage to the native flora in the area. If such is the 
case, then the risks to the the flora associated wth 
geothermal development are no greater than they were at the 
time of the previous contested case hearing, and if the 
mitigation measures proposed then ace adopted, the prospects 
for the long-term survival of Adenophorus periens should not 
be significantly different than they were then. 
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PROPOSED FINDINGS OF FACT, CONCLUSIONS OF LAW AND ORDER 
1. BACKGROUND 
A. Subiect 
a. This matter involves a Conservation District Use 
Application to explore for and develop geothermal resources 
as a permitted use in approximately 8,447.2 acres of the 
Kilauea Middle East Rift Zone, Puna, Hawaii, which were 
designated as a Geothermal Resource Subzone by the Decision 
and Order of the Board of Land and Natural Resources 
(•BLNR•) rendered on December 20, 1985, pursuant to ~waii 
Revised Statutes, Section 205-5.2. 
B. Description of Area 
a. The Kilauea Middle East Rift Geothermal 
Resource Subzone (KMERZ/GRS) consists of approximately 
8,447.2 acres in and adjacent to the Wao Kele 0 Puna Natural 
Area Reserve, Hawaii (TMKs: 1-2-08:08, 11-111 1-2-10:1, 31 
1-5-01:10-13, 40-48, 52, 55). 
C. Jurisdiction ot the Board of Land and Natural Resources 
a. Section 205-5.l(d), Hawaii Reyised Statutes, 
gives the Board of Land and Natural Resources jurisdiction 
over geothermal activities proposed within a conservation 
district. Section 205-5.l(d) reads: 
(d) If geothermal development activities are 
proposed within a conservation district, then, 
after receipt of a properly filed and completed 
application, the board of land and natural 
resources shall conduct a public hearing and, upon 
appropriate request, a contested case hearing 
pursuant to chapter 91 to determine whether, 
pursuant to board regulations, a conservation 
district use permit shall be granted to authorize 
the geothermal development activities described in 
the application. 
2. CHRONOLOGY- FINDINGS OF FACT ON PROCEDURAL HISTORY: 
a. On March 2, 1982, the Estate of James Campbell 
("Campbell") filed with the BLNR, a Conservation District 
Use Application (CDUA) to develop geothermal resources at 
Kahauale' a, Hawaii. 
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b. On May 6, 1982, Campbell filed with the BLNR 
and the Environmental Quality Commission a Draft Environ-
mental Impact Statement in support of its CDUA. 
c. On May 20, 1982, the BLNR announced that the 
CDUA would be conducted as a contested case hearing. 
d. On October 25 through 29, 1982, November 15 
through 19, 1982, and December 7, through 10, 1982, the BLNR 
conducted quasi-judicial •contested case• proceedings 
regaraing the CDUA pursuant to the Hawaii Administrative 
Procedure Act, Chapter 91, HRS, and the BLNR's Rules of 
Practice and Procedure. The Volcano Community Association 
("VCA") was a party to said proceeding. 
e. The BLNR by its Findings Of Fact and 
Conclusions Of Law and Decision and Order dated February 25, 
1982, granted Campbell specific exploration rights on the 
Kahauale'a parcel under CDUA No. HA 3/2/82-1463. 
f. Subsequent to the rendering of the Decision 
referenced above, the Hawaii State Legislature passed Act 
296, SLH 198, delegating the Board of Land and Natural 
Resources the responsibility for designating geothermal 
resource subzones and selecting those areas that can best 
demonstrate an acceptable balance among the criteria set 
forth in said Act. 
g. The designation of geothermal resource subzone 
areas would only be the first step of a two-step process. 
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After the designation of a geothermal resource subzone, any 
person who wished to build a geothermal project at a 
specific site would, as a second step, apply to the BLNR or 
the appropriate county agency for authority to develop a 
specific project at a specific site. This second step would 
be conducted as a contested case if a request for such a 
hearing was maae. 
h. Pursuant to Act 296, SLH 1983, the Chairperson 
of the BLNR assigned the task of recommending geothermal 
resource subzone areas to the Division of Water and Land 
Development (DOW ALD), State of Hawaii. 
i. DOWALD began work on the subzone process after 
June 14, 1983, when Governor Ariyoshi signed Act 296, SLH 
183 into law. 
J• A Plan Of Study was devised by DOWALD as an 
outline by which to assess the various potential areas in 
view of the criteria specified in Act 296. The principle 
elements of this strategy included a literature review of 
available information, and an assessment of the following 
factors: 
* Potential geothermal energy production 
* Use of geothermal energy in the area 
* Geologic Hazards 
* Social and Environmental Impacts 
* Compatability with present and planned use 
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* Potential economic benefits 
* Compa'tability with conservation principles 
where a subzone falls within a conservation 
district 
k. The 1984 Legislature enacted Act 511, which in 
part gave first priority to the assessment of Kahauale'a as 
a geothermal resource subzone. The BLNR was required to act 
on said designation by December 31, 1984. 
1. Included in the designation process was a 
public information and participation effort to elicit 
community concerns. Included in this process was a meeting 
held on July 11, 1984, in the Volcano Community on the Big 
Island. 
m. At that public hearing requests for a contested 
case hearing on the designation of 5,300 acres of 
Kahauale'a, Puna, Hawaii, as a GRS were made to the BLNR. 
n. Pursuant to these requests, the BLNR under 
their discretionary power, cieciaed to hold a contested case 
hearing, reserving the right to litigate at a later time, 
the issue of whether it was mandatory or not to hold a 
contested case hearing for the designation of geothermal 
resource subzones. 
o. On December 12, 13, 15, 16, 18, 19, the BLNR 
conducted quasi-judicial •contested case• proceedings 
regarding the designation of 5,300 acres of Kahauale'a, 
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Puna, Hawaii, as a geothermal resource subzone pursuant to 
the Hawaii Administrative Procedure Act, Chapter 91, HRS, 
and the BLNR's Rules of Practice and Procedure. All inter-
vening parties were given the opportunity to present 
witnesses and evidence, cross-examine witnesses and present 
rebuttal evidence. 
p. On December 28, 1984, the BLNR issued its 
Decision and Order on the Proposed Geothermal Resource 
Subzone at Kahauale'a, Hawaii. 
q. In part, the Decision and Order stated that the 
State of Hawaii formally requested that "the Estate of 
James Campbell investigate and consider a land exchange 
involving State owned land in Kilauea Middle East Rift 
Zone and Campbell Estate's lands at Kahauale'a (Excluding 
Tract 22) •••• • 
r. The Decision and Order also stated: "The Board 
of Land and Natural Resources on its own motion hereby 
airects the Division of Water and Land Development (DOWALD) 
of the Department of Land and Natural Resources (DLNR) to 
immediately undertake and conduct an assessment of the 
Kilauea middle east rift zone in and adjacent to the 
Natural Area Reserve beginning on the western boundary of 
the Kamaili geothermal subzone as a potential geothermal 
resource subzone. Although this area had not previously 
been evaluateo aue to its classification as a Natural Area 
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Reserve, the Board now believes that the area should be 
reviewed. 
If (a) the assessment of the Kilauea middle east 
rift zone does not result in a designation as a geothermal 
resource subzone in this area; or (b) a land exchange 
between the State of Hawaii and the Estate of James Campbell 
is not consummated then the remainder of the 5300 acres 
proposed by DOWALD as a geothermal resource subzone in 
Kahauale'a heretofore not designated by this Decision and 
Order shall be and is hereby ordered to be so designated as 
a geothermal resource subzone.• 
s. Pursuant to the Decision and Order, DOWALD, on 
its own, held four (4) public information meetings. The 
dates and places of these meetings are listed below: 
March 13, 1985 
March 14, 1985 
May 15, 1985 
May 16, 1985 
Keeau, Hawaii 
Pahala, Hawaii 
Pahoa, Hawaii 
Pahala, Hawaii 
t. The BLNR held a public hearing on September 26, 
1985, to elicit community concerns. 
u. At the last public hearing, requests for a 
contested case hearing on the designation of approximately 
11,745 acres at the Kilauea Middle East Rift Zone were made. 
v. On October 16, 1985, the BLNR announced that a 
contested case hearing would be held on November 13, 1985, 
concerning the designation of approximately 11,745 acres in 
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and adjacent to Wao Kele 'O Puna Natural Area Reserve and 
the Puna Forest Reserve. 
w. On November 1, 1985, a prehearing conference 
was held at the DOWALD conference room in Honolulu, Hawaii. 
At that time, DOWALD, Mae Evelyn Mull, Karl and Melissa 
Kirkendall, Frederick Warshauer, John L. Perriera, Susan 
Carey, Diane Ley, Volcano Community Association, Lehua 
Lopez, Eva Lee, Louis Whiteaker, Chiu, Leong, Virginia B. 
MacDonald, Debra Hopson, Ann Markham, Mike Markham, Beverly 
MacCallum, Matt Luera, Hawaii Audubon Society and Sierra 
Club, Hawaii Chapter, were admitted as parties to the 
contested case, while the Estate of James Campbell and the 
True/Mia-Pacific Geothermal Venture were admitted as 
intervenors. The intervention status of Palikapu Dedman and 
Dr. Emmet Aluli were still under consideration by the BLNR. 
x. On November 7, 1985, a secona prehearing 
conference was held at the DOWALD conference room. At that 
time, the Estate of James Campbell and the True/Mid-Pacific 
Venture continued its objection on the necessity of having a 
contested case hearing held for the subzone designation 
process. The Motion was oenied on the same grounds, with 
the understanding that this hearing was being held pursuant 
to the discretionary authority of the BLNR with the further 
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understanding that the denial does not constitute a decision 
by the BLNR and that the contested case hearing is required. 
y. On November 13, 1985, Palikapu Dedman and Dr. 
Emmet Aluli were granted intervenor status in the hearing. 
z. On November 13, 14, and 15, 1985, the BLNR 
conducted quasi-judicial •contested case• proceedings 
regarding the designation of approximately 11,745 acres in 
the Kilauea Middle East Rift Zone, Island of Hawaii, as a 
geothermal resource subzone pursuant to the Hawaii 
Administrative Procedures Act, Chapter 91, HRS, and the BLNR 
Rules of Practice and Procedure. All parties and 
intervenors were given the opportunity to present witnesses 
and present rebut tal evidence. 
aa. On August 20, 1985, the Estate of James 
Campbell along with the True/Mid-Pacific Geothermal Venture 
filed with the BLNR, a Conservation District Use Application 
to explore and develop geothermal resources located in the 
Kilauea Middle East Rift Zone. 
bb. On December 20, 1985, the BLNR issued its 
Decision and Order which designated approximately 8,447.2 
acres located in the Kilauea Middle East Rift zone as a 
geothermal resource subzone. 
cc. On December 24, 1985, the BLNR announced that 
a public hearing on the application for a CDUA in the 
KMERZ/GRS would be held. 
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dd. At the public nearing held on January 20, 
1985, requests were made for a contested case hearing on the 
application for a CDUA. 
ee. On February 6, 1986, the Estate of James 
Campbell and the True/Mid-Pacific Geothermal Venture filed 
with the BLNR a Final Supplemental Environmental Impact 
statement ("FSEIS") in support of its CDUA. 
ff. On February 10, 1986, a prehearing conference 
was held at the BLNR conference room. At that time it was 
announced that the following were admitted as ~rties to the 
contesteci case: County of Hawaii; Sierra Club Hawaii; Susan 
Carey; Debra Hopson; Eva Lee; Chiu Leong; Ann Markham; Mike 
Markham; Beverly McCallum; Diane Ley; Lehua Lopez; Dr. 
Emmett Aluli; Palikapu 0 Kamohoali'i Dedman; Mark Huer; 
Michael La Plante; Rick Warshauer; Mae Mull; Karl Kirkendall 
and Melissa Kirkendall. 
gg. A second prehearing conference was held on 
February 13, 1986, at which time the parties were to 
exchange direct written testimony and exhibits. 
hh. On February 17, 18, 19, 20, 21, 22, and 23, 
1986 ana on March 14, 1986, the BLNR conducted quasi-
JUdicial "contested case" proceedings regarding the 
application for a CDUA permit by the Estate of James 
Campbell ana the True/Mid-Pacific Geothermal Venture 
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pursuant to the Hawaii Administrative Procedures Act, 
Chapter 91, Hawaii Revised Statutes, and the BLNR's Rules of 
Practice and Procedure. All parties were given the 
opportunity to present witnesses and evidence, cross-examine 
witnesses and present rebut tal ev iaence. 
3. PROPOSED FINDINGS OF FACT 
A. Development Plan 
1. The scope of the proposed project requested 
under this application is reduced from an electrical energy 
production level of 250 Jo!W of electricity to 100 MW. The 
development plan indicates that between 245-300 acres of the 
total land parcel of 26,000 acres will be needed for project 
sites and roads. Development would occur over a period of 
8-10 years riepending on the rate at which geothermal-
generatea electricity can be absorbed to replace oil-
generated electricity. (Applicant's Exh. 1 pg. 2) 
2. Initial exploration efforts in the Kilauea 
Miadle East Rift Zone GRS would be conducted to cietermine 
the presence of an economically producible resource. 
Subsequent exploration would be aesigned to <ietermine the 
extent of geothermal reservoirs within the KMERZ/GRS. 
Development and production would occur as the aemand for 
power for local consumption or for export to Oahu by 
undersea cable is identified or established. (Applicant's 
Ex h. 1 pg. 2-3). 
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3. A map showing planned development sites is 
attached hereto as Applicant's Exhibit "1-A". 
Exn. l(a)) 
B. Potential Geothermal Energy Production 
(Applicant's 
1. A panel of technical experts closely associated 
with geothermal research in Hawaii was assembled to assist 
DOWALD staff in identification of areas with the potential 
for high temperature geothermal resources. (DOWALD, Exh. 6, 
p. 1; KGS 8/27/84, State Exhibit 2, p. 3). 
2. A "high temperature• geothermal resource is 
defined as one having a temperature greater than 125°C at a 
depth of less than 3 kilometers. (DOWALD, Exh. 6, p. 5, KGS 
8/27/84, State Exhibit 2, P• 3). 
3. The panel of experts identified the Kilauea 
East Rift zone as an area possessing the necessary qualities 
for designation as a potential resource area based on: 
(i) Three wells that encountered a high 
temperature resource with one of the three presently 
producing a geothermal resource; 
(ii) Geophysical indicators, mainly 
aeromagnetic surveys, electrical surveys, microearthquake 
and self-potential surveys; 
(iii) Geologic evidence of recent lava intru-
sion into the east rift zone; 
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( iv) Geochemical data; 
(v) An aeromagnetic anomoly associated with 
the rift showing that temperatures in excess of 500°C were 
present at shallow depths in the rift; 
(vi) Resistivity anomolies indicating shallow 
high temperature ground water; and 
(vii) Other available information from public 
and private services. 
(Chuck Testimony, p. 2-9; KGS 8/27/84 State Exh. 2, p. 3) 
4. The area of the Kilauea East Rift Zone having a 
probability of 90% or greater chance of encountering a high 
temperature geothermal resource is indicated by the 90% 
contour line on p. 5, State Exh. 2, KMERZ GS 9/26/85-5. 
5. The area of the Kilauea East Rift zone having a 
probability of 25% or greater chance of encountering a high 
temperature geothermal resource is indicated by the 25% 
contour line on p. 5, State Exh. 2, KMERZ GS 9/26/85-5. 
6. Between contour lines, probability increases 
systematically from 25% to 90%. (Vol. 22, p. 56, Dec. 19, 
1984; KGS 8/27/84, State Exh. 2, p. 3). 
7. According to Dr. Richard Moore's study of 
the geology and petrology of the Kilauea East Rift Zone 
indicates that there are three (3) areas that overlie 
secondary magma chambers and thus, are promising geothermal 
targets. One is the site of the general area of HGPA, 
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another is 
Heiheiahulu 
the Kalehua area and the third is around 
which is in tne area of the proposed 
(Richarci Moore, Vol. XI, p. 3108, CDUA development. 
hearing). 
B. Half of the development area has a probability 
ot 90% or greater of encountering a resource with 
temperatures about 125 degrees C, the other half has a 25% 
to 90% probability of encountering the same source. 
(Applicant's Exh. 18, p. 5.) 
9. There is no doubt that there is abundant heat 
stored in the rift zone. Resevoir permeability is the 
biggest uncertainty. Although there are no surface 
measurements that can be made to indicate permeability, 
indirect eviaence such as microearthquakes, swarms and 
surface faults are usually reliable indicators and both 
surf ace faults and earthquakes have been documented in the 
area. (Camf:ibell Exh. 1, p. 2-3). 
10. Dr. Donald M. Thomas, after reviewing the 
existing geophysical and geochemical data, concluded that 
there is a very good probability of a geothermal resource in 
the Kilauea Middle East Rift Zone. (Testimony of Donald M. 
Thomas, Vol. VI, February 20, 1986, p. 163.) 
11. Dr. Thomas estimates that up to 4,800 
megawatts of thermal energy are intruded into the rift on an 
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annual basis, and that 20-30% of this could come into the 
Kilauea Middle East Rift Zone. (Testimony of Donald M. 
Thomas, Vol. VI, February 20, 1986, pp. 163-164.) 
12. Dr. Thomas has indicated that at the present 
time, the rainfall recharge in the upper rift passes 
parallel to the rift and ultimately exists at lower 
elevations. Dr. Thomas believes that there is continual 
circulation of meteoric or rain water that falls on the rift 
zone and goes down to some depth which is indicated to be 
more than two kilometers, and is heated and then rises back 
to the surface. (Testimony of Donald M. Thomas, Vol. VI, 
February 20, 1986, pp. 172-173.) 
C. Use of Geothermal Energy 
1. BEL co• s Forecast Planning Commit tee predicts 
approximately a 2% growth load for the Island of Hawaii for 
the next 20 years. Based upon this 2% growth load and 
considering other factors such as the closing of Puna Sugar 
Company, HELCO must plan tor generation aci.ditions to meet 
this increase in growth load for the next 20 years. 
(Applicant's Exh. 9, p. 2r HA 3/2/82 1463). 
2. Forecastea peak demand for the Island of Hawaii 
tor 1986 has already been exceeded. (Testimony of Dan 
Williamson, Vol. IX, February 22, 1986, p. 6). 
3. HELCO could use 10 MW of geothermal energy or 
more in 1989 and 13 MW in 1991, 1993 and 1999, for a total 
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of more than 49 MW. Therefore, some 49 MW or more of 
geothermal energy could reduce HELCO's dependency on oil 
before the end of this century. (Testimony of Dan 
Williamson, Vol. IX, February 22, 1986, p. 6). 
4. Recorded sales in 1985 on the Island of Oahu 
was 5,336 million kilowatt hours (Testimony of Dan 
Williamson, Vol. IX, February 22, 1986, p. 26). 
5. Moving ahead with True/Mid-Pacific's proposed 
project will provide the utilities, the State, and those who 
may commercialize the undersea cable with information on the 
cost and economics of geothermal energy. Mr. Williamson 
testified that if the utilities do not move ahead, and 
instead construct new generation facilities that use non-
renewable, imported fuels, they will lose an opportunity to 
take a soli<i step in the airection of energy self-
sufficiency. Should the utilities need to develop 
additional generation capability that requires a standard 
fossil fuel source, they will have to make an extended 
commitment to it, and live with their decision for an 
extended period of time. (Applicant's Exh. 14, p. 2). 
6. With respect to planning for Hawaii County's 
future power requirements, Hawaiian Electric would expect a 
new plant to have a useful life in excess of 50 years. 
Thus, the lOOMW level requested by True/Mid-Pacific is 
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appropriate, even though the initial units ma}' make up only 
a small ~ercentage of the plant's total capacity. 
(Applicant's Exh. 14, p. 3). 
7. One of the Hawaii State Energy Plan's 
objectives is to accelerate the transition from fossil fuel 
to an indigenous renewable energy resource by facilitating 
private sector activities to explore supply options and 
achieve local commercialization and application of 
appropriate alternate energy technologies. The proposed 
project would be consistent with and promote the attainment 
of this objective. (State Energy Plan, Applicant's Exh. 31, 
p. 151 CDUA HA 3/2/82-1463). 
8. The establishment of the geothermal project is 
in accord with the goals and objectives of the County of 
Hawaii. The County's goals for energy are: 1) to strive 
towards energy self-sufficiency for Hawaii County1 and 2) to 
establish the Big Island as a demonstration community for 
the development and use of natural energy resources. 
To achieve these goals, a number of policies for 
County actions and/or programs are set fort~ These include: 
--encouraging the development of alternative energy 
resources and the expansion of the energy 
research industry1 
--educating the public on new energy technologies1 
--fostering attitudes and activities conducive to 
energy conservation1 
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--ensuring a proper balance between the development 
of alternative energy resources and the 
preservation of environmental fitness; 
--striving to assure a sufficient energy supply for 
present and future demands; 
--providing incentives to encourage the use of new 
energy sources and the promotion of energy 
conservation; 
--seeking public and private funding for research 
and development of a1 ternative energy resources; 
and 
--coordinating energy research and development 
efforts of the public and private sectors. 
These goals and policies clearly direct the County 
to explore the potential of natural energy resources in 
order that the island of Hawaii can strive towarcis energy 
self-sufficiency. Geothermal energy is one of th~ island's 
indigenous energy resources. The County recognizes that 
exploration and development of its potential geothermal 
resources will assist its overall program to develop the 
array of alternative energy sources on the island of Hawaii. 
(County Exh. 1, November 15, 1985). 
9. OVer 80% of the State's demand for electricity 
is on Oahu which lacks alternative energy resources 
sufficient to meet its demand. (VCA Exh. 112, preface, 
KGS 8/27/84). 
10. The relationship between the Hawaii Deep Water 
Cable Program and geothermal development on the island of 
Hawaii is a symbiotic one. In the absence of planning and 
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approval for substantial geothermal development on the Big 
Islana, there is limited justification for the cable 
program. Conversely, the planning for development of 
geothermal energy in excess of Big Island requirements is 
dependent on a successful outlook for the cable program. 
(Applicant's Ex h. 15, p. 1). 
11. The outlook for the undersea cable project is 
highly optimistic. Four years into the research program, 
no obstacles have been encountered which the people who are 
involved with the program are not confident can be managea 
successfully. (Applicant's Exh. 15, p. 1). 
12. Geothermal energy is the only renewable 
resource with potential in the near future to provide a 
significant substitute for fossil fuel in serving baseload 
electrical demand. The system presently envisioned could 
supply approximately one-half (1/2) of Oahu's electrical 
energy requirements by the year 2000. (Applicant's Exh. 15, 
p. 2) • 
13. In the absence of either geothermal 
development for power export or the submarine cable 
transmission system, the State of Hawaii will remain largely 
dependent on fossil fuel for the generation of electrical 
power. over 80% of electrical energy consumed in the State 
of Hawaii is consumed on Oahu. (Applicant's Exh. 15, p. 2). 
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14. The current timetable for the cable calls for 
laboratory testing beginning in 1986 and completed in 1987. 
A 6,000 foot length of cable is now being fabricated in 
Italy for laboratory testing. That fabrication will be 
complete by July of 1986. Vessel and cable handling 
equipment control design work will also begin in 1986 and be 
completed in 1987. The vessel will be outfit ted in 1988, 
and at-sea testing is scheduled for late 1988. The year 1989 
will include demobilization of the equipment and 
comprehensive examination of all information gathered under 
the program and completion of a final report no later than 
March of 1990. This schedule is compatable with the 
coorainated geothermal/commercial cable development 
timetable included in the Department of Planning and 
Economic Development's December 1985 report to the 
Thirteenth State Legislature. (Applicant's Exh. 15, p. 5-6). 
15. A highly successful sea cruise was conducted 
in late October and early November of 1985 to gather high 
resolution data from the bottom of the Alenuihaha Channel. 
That cruise showed no insurmountable obstacles and provided 
guidance for concentrating efforts on a second cruise in 
1986, which will provide a definitive alignment for the 
cable over the most difficult part of the route. 
(Applicant's Ex h. 15, p. 5). 
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16. The submarine cable research and development 
effort for the Hawaii Deep Water cable Program involves the 
demonstration of or technical feasibility for manufacturing, 
testing, deploying, retrieving and operating underwater 
cables to depths of 1900 meters (6300 feet) over rugged 
bottom terrain. The present research and development 
program is structured to address each of these challenges in 
a manner which confirms the important technical parameters 
while simultaneously assuring maximum technology transfer to 
the United states' power cable industry. Initial efforts to 
evaluate cable options which were suitable for the ocean 
environment between the neighbor islands and Oahu focused on 
a comprehensive parametric study of alternate cable designs 
to determine the preferred candidate system. Design criteria 
for mechanical strength to withstand the high tensions 
during cable laying at 1900 meters; power ratings for 
transmission of electric energy over a distance of 253 
kilometers (150 miles) underwater; transportation of long 
l~ngths of cables from manufacturing plants to site; 
techniques for joining (splicing) different cable sections 
together; and various electrical design and construction 
properties w~re developed from which each alternate could be 
evaluated. This process resulted in the selection of a 
preferred cable during the Spring of 1985. 
Exh. 16, p. 2-3). 
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(Applicant's 
17. The reference cable chosen for further 
development and testing is known as self-contained oil-
filled cable. This cable consists of an aluminum conductor 
with layers of high quality paper tape wrapped around the 
conductor for electrical insulation. In order to provide a 
water-tight seal, a lead alloy sheath is extruded over the 
conductor and insulation and a layer of plastic corrosion 
protection is extruded over the lead to prevent corrosive 
attack by the marine environment. Two layers of flat steel 
armoring are wrapped around the entire cable core to provide 
an external strength member, which supports the cable as it 
is lowered from the ship on the surface to the bottom of the 
ocean. The selected cable aesign for the Hawaiian proJect 
has an overall diameter of 118 millimeters (4.7 inches) and 
weighs 37 kilograms per meter (25 pounds per foot) in air. 
The weight in seawater is 27 kilograms per meter (18 pounds 
per foot). This cable is filled with a high quality 
electric grade insulating oil which provides cooling as well 
as improving the electrical performance. 
16, p. 3). 
(Applicant's Exh. 
18. The selection of the self-contained oil-filled 
cable design concept over other alternatives was based in 
part on its superior performance in other major submarine 
cable projects. Recent projects, such as the submarine 
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cable installed across the Straits of Messina and the 
crossing to Vancouver Island, have been constructed using 
this cable system. As with the Hawaii cable, these projects 
nave required long distance submarine cable lengths and high 
power ratings. These cables can be manufactured and 
transported in the long lengths required for the Hawaiian 
project, and only two cables are needed to transmit upwards 
of 500 megawatts of electric power. The proven reliability, 
demonstrated service record, required power ratings and 
superior mechanical performance of the self-contained oil-
filled cables were primary factors in selecting this 
technology for the submarine cable system. (Applicant's 
Exh. 15, p. 4). 
19. The laboratory test program is scheduled to 
start in October 1986 and will be completed within 12 
months. Therefore, the technical feasibility of the 
submarine cable for the Hawaiian application should be 
substantially confirmed by October 1987. The ocean 
engineering aspects of controlling the large mechanical 
loads of the submarine cable and the ability to achieve an 
accurate placement of the cable on the bottom are being 
investigated independently of the cable testing in the 
laboratory. Current plans call for an at-sea test program 
to be initiated in early 1988 with conclusion of the sea 
trials by the end of summer 1988. Planning and conceptual 
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design work for the at-sea test program are currently under 
way. At this time, the prognosis for determination of the 
technical feasiblity of the cable handling equipment by the 
fourth quarter of 1988 is excellent. Assessing the present 
research and development program for both cable and ocean 
handling and positioning equipment, Mr. Garrity would 
conclude that the deep water cable technology will be ready 
for commercialization by the beginning of 1989. 
(Applicant's Exh. 16, p. 4-5). 
20. Other issues which are being dealt with in the 
research and development effort cover the reliability, 
maintenance and repair of submarine cables for Hawaii. 
There are some 4,000 kilometers (2500 miles) of submarine 
cables installed worldwiae. Approximately 97% of this total 
is installea in open sea and 3% in rivers and lakes. A 
recently completed survey of submarine cable failures 
revealed that over 80% of the outages could be attributed to 
external mechanical damage due to ships' anchors grabbing 
the cable, fishing trawlers dragging across the cable, or 
seismic activity resulting in cable motion along fault 
zones. Careful selection and use of appropriate protection 
measures, such as embedding the cables in shallow water or 
beach areas, have proven to be effective remedies to 
minimize the outages due to mechanical damage. A combination 
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of these steps to reduce mechanical damage is being 
considered for Hawaii so that the reliability of the 
submarine cable link will be very high. (Applicant's Exh. 
16, p. 5-6). 
21. The repair of the Hawaiian submarine cable has 
been considered in the R&D program. A repair strategy for 
different areas along the potential cable routes has been 
developed. Further refinement of this strategy is being 
pursued at this time and Mr. Garrity expects a final repair 
Iflan by Summer of 1986. Based on the failure survey, the 
avera9e repair time was 37 days. For Hawaii, Mr. Garrity 
believes that this time can be reduced or at the least meet 
the average outage duration for repair of the submarine 
cable. (Applicant's Exh. 16, p. 6). 
22. Mr. Garrity's assessment of the status of the 
present deep water cable R&D program is that they have 
identified all the technical areas which need development 
and testing. Mr. Garrity is confident that they can 
successfully conclude the R&D program to establish the 
technical feasibility of the cable by the end of 1988, and 
that commercialization can proceed immediately thereafter. 
(Applicant's Exh. 16, p. 6). 
D. Geologic Hazards 
Geothermc.l resources in the Puna District exist due to 
the recent volcanic activity in the region. The volcanic 
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activity in essence serves to continually resupply heat to 
the system. The v6lcanic activity responsibl~ for the 
creation of the resource also creates a certain degree of 
hazara in the form of earthquakes and the risk of volcanic 
eruptions. The concurrence of these two factors - high 
probability of geothermal resource ana risks in the nature 
of volcanic activity are common to young geologic areas 
where geothermal activities are occurring. 
1. Lava Flow. 
a. Eruptiv~ activity: 
(i) T~me and locatiqn of eruptions cannot be 
predicted with any degree of certainty (State Exh. 2, p. 38, 
DOW!ILD EXH. 12, p. 82, DOWALD EXH. 6, p. B-54, KGS 8/27/84; 
~!core Testimony, Vol. VI, December 19, 1984, p. 258). 
(ii) The upper East Rift Zone is more subJect 
to lc.va inunoc.. tion tt,an is the lower rift zone. (Moore 
testimony, Vel. VI, December 19, 1984, p. 281; KGS 8/27/84). 
b. Characteristics of Hawaiian lava flows: 
(i) Flows freely in predictable course 
dictated by ground slope (DOWALD EXH. 12, p. 1; KGS 
8/27/84). 
(ii) Lavas are liquid and, therefore, will 
behave like a liquid. Lavas always tend to flow directly 
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down the steepest available slope and to follow the path of 
ltast resistance (Campbell Exh. 6, p. 269; KGS 8/27/84). 
(iii) Liquid lava has a specific gravity 
probability 2 to 2.5 times that of water (Campbell Ex. 6, p. 
270; KGS 8/27/84). 
(iv) Most flows are thin, 1-5 m. in thickness. 
FlowE will accumulate over previous flows (DOWALD EXH 
12, p. 1; KGS 8/27 /84). 
(v) Duration of flows have averaged 60 days 
with many lasting 1 day and some such as Mauna Ulu and Pu'u 
o lasting over a year (DOWALD EXH 12, p. 2; KGS 8/27/84). 
(vi) Lava flows are most likely to emanate 
from vents ana fissures located in the central part of the 
rift zone (i.e., between 90% probability line) (DOWALD EXH. 
12, p. 18; KGS 8/27 /84). 
c. All tlows, including current Pu'u o eruption, 
eventually end (Moore Testimony, Vol. VI, December 19, 1985, 
p. 2; KGS 8/27/840. 
d. The entire Kilauea East Rift is vulnerable to 
inundation (Helsley Campbell Exh. 1, p. 2; KGS 12/23/84). 
e. Mitigation measures are available. 
(i) Depending on resource location, siting 
facilities, including wells away and upslope from the center 
of the rift zone will mitigate damage to facilities from 
flows. (Moore Testimony, Vol. VI, December 19, 1985, p. 
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234; KGS 8/27/84; Niimi Written Testimony, 4/23/84 Hazards 
Hearing). 
(ii) Building diversion barriers to deflect 
lava flows has an excellent probability of success. 
(Campbell Exh. 6, p. 258, DOWALD Exh. 12, p. 9; KGS 
8/27/84). 
(iii) A well placed barrier can deflect lava 
flows considerably higher than the barrier itself. 
(Campbell Exh. 6, p. 258, Moore Testimony, Vol. IV, December 
19, 1985, p. 269; KGS 8/27/84). 
(iv) Division walls can be built quickly and 
inexpensively. (~loore Testimony, Vol. IV, December 19, 1985, 
p. 269; KGS 8/27/84). 
(v) Geographical diversification of plants and 
development (Moore Testimony, Vol. VI, December 19, 1984, p. 
234, 235, 238; KGS 8/27/84; DOWALD EXH. 12, p. 8; KGS 
8/27/84). 
(vi) Modular and portable power plants (DOWALD 
EXH. 12, p. 7; KGS 8/27/84). 
(vii) Pipeline supports may be protected 
against flows with localized barriers or support structures 
(DOWALD EXH. 12, p. 7; KGS 8/27/84; Niimi Testimony). 
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(viii) If a sufficiently large hill is not 
available, a plant or well could be protected by construc-
ting an earth-and-rock platform several meters high. 
Depending on the perceived risk from lava flow hazard, wells 
or plants can be sufficiently fortified to withstand almost 
any lava flow (Mullineaux and Peterson, 1974). A cost/risk 
analysis would have to be made. (DOWALD Exh. 12, p. 6; KGS 
8/27/84). 
(ix) Another well-protection alternative is to 
enclose the well-head in a concrete cellar allowing the lava 
to flow above rather than around the well-head. Recovering 
a well covered with a thick flow could be quite arduous and 
time consuming. The precise effect the lava's heat would 
have on the well-head mechanisms is not known. (DOWALD Exh. 
12, p. 6; KGS 8/27 /84). 
(x) .1-!odern metallurgy is capable of handling 
situations where lava is encountered on the surface or 
subsurface. Wellbore briage plugs will be available to 
isolate any productive sub-surface formation if drilling 
operations must be curtailed. In addition, surface valves 
and blowout preventers will provide further security. The 
general practice is to install redundant valves or blowout 
preventers for reliability. The major supplier of 
geothermal wellheads and valves is W-K-M. They have stated 
that the wellheads and valves will not melt even if covered 
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by a lava flow. Experiments by Sandia Laboratories in 
Kilauea Iki Lava Lake showed that the casing can be 
installed even in molten lava and that heat exchangers 
ex~osed to molten lava withstood the temperatures and gases. 
(Campbell Exh. 1, p. 4; GS No. 9/26/85-5). 
(xi) Comprehensive evacuation plans will be 
designed to assure worker safety. Warning time prior to 
inundation can be as little as one hour to eruption. 
(Moore, 1984). Procedures will be established to protect 
equipment. Multiple access roads should be provided in the 
event one gets covered by a flow. (DOWALD Exh. 12, p. 7; 
KGS 8/27/84). 
(xii) The development will coordinate 
contingency planning with government field geologists (e.g. 
Hawaiian Volcano Observatory) and local civil ciefense 
authorities to ascertain when an eruption appears imminent 
and what subsequent action should be taken. Escape and 
abandonment procedures may be flexible but should be 
predetermined and clear. (DOWALD Exh. 12, p. 7; KGS 
8/27/84). 
(xiii) If a lava flow is impending during well 
drilling, the well can be fitted with a pressure and 
temperature resistant "briage plug• to safely isolate and 
protect the lower, resource-bearing, portion of the well. 
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These plugs can be install~d in one hour (DOWALD Exh. 12, p. 
71 KGS 8/27/84). 
(xiv) Trip wires, placed in the expected lava 
flows, can alert development personnel as to the distance 
and speed of the oncoming flow. The crew can then take 
appropriate action in accord with their preexisting 
evacuation plan (DOWALD Exh. 12, p. 71 KGS 8/27/84). 
f. If geothermal development investors assume a 
major portion of the economic risk of loss resulting from 
geologic hazards, then developers would have a clear 
economic incentive to utilize appropriate mitigation 
measures and to select sites which offer the optimum balance 
of safety and productivity. (DOWALD Exh. 12, p. 81 KGS 
8/27/84). 
g. Well heads and valves will not melt when 
covered by lava (Campbell Exh. 2, p. 41 KGS 8/27/84). 
h. Technology for operating in magma is available 
trom direct research experiments (Campbell Exh. 2, p. 41 KGS 
8/27/84). 
2. Pyroclastic Fallout 
a. Is not expected to be an impact in the Kilauea 
Middle East Rift Zone (DOWALD EXH. 14, fig. 81 KGS 8/27/84). 
b. Is not expected to be a problem more than 1 
km. away from an eruptive vent or fissure (Kubacki 
Testimony, Vol. IV, p. 324, December 16, 19841 KGS 8/27/84). 
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c. Cooling towers may be affected but roofs can be 
designed to mitigate any impact (Kubacki Testimony, Vol. IV, 
p. 324, December 16, 1984; KGS 8/27/84). 
d. Is not expected to be a problem because of lack 
of shallow ground water (DOWALD EXH. 12, p. 3; KGS 8/27 /84). 
3. Ground Cracks 
a. Are evidence of magma intrusion into the 
subsurface (DOWALD EXH. 12, p. 3; KGS 8/27/84). 
b. Cracks may also be caused by earthquakes 
(DOWALD EXH. 12, p. 3; KGS 8/27/84). 
c. Tectonic ground cracking is usually localized 
near major fault systems such as in Hilina and Koae (DOWALD 
EXH. 12, p. 3; KGS 8/27 /84). 
d. Some cracks may not be positively iaentifiable 
because of torest cover (Jackson, Tr. Vol. VI, December 19, 
1984, !:-• 194; KGS B/27/84). 
e. Based on crack frequency and eruption 
frequency, there would be greater hazard with Kahauale'a 
than there would be downrift. (Jackson, Tr. Vol. VI, p. 20, 
December 19, 1984; KGS 8/27/84). 
f. Cracks are oriented primarily vertically 
(DOWALD EXH. 12, p. 4; KGS 8/27/84). 
g. Cracks and fractures are one of the elements 
you look for when searching for a geothermal resource. 
(Jackson, Tr. Vol. VI, p. 188; KGS 8/27/84). 
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h. Measures to mitigate the impact of ground 
cracks: 
(i) Steam transmission piping can be made with 
expansion joints to accommodate appreciable subsidence and 
ground movements. 
(ii) Siting of facilities away from surface 
cracks will reduce hazards. (Jackson, Tr. Vol. VI, p. 189, 
December 19, 1984; KGS 8/27/84). 
i. Depth of surface cracks are unknown. (Jackson, 
Tr. Vol. VI, p. 190, December 19, 1984; KGS 8/27/84). 
J· No impact from cracks was experienced in any of 
the existing wells despite the fact that at least 2 of the 6 
wells were sited close to the surface cracks. (Niimi 1984, 
Eviaence of geothermal potential at Kahauale'a). 
k. Impact on well drilling is unknown. A fault 
could intersect a wellbore without causing any damage. The 
fault could seal off the well or the faulting could crimp 
the end of the casing and not allow fluids to escape. 
(Jackson, Tr. Vol. VI, p. 190, December 19, 1984; KGS 
8/27/84). 
4. Groynd Subsidence 
a. Subsidence in rift zones are associated with 
magma intrusion (McDonald, Volcanoes in the Sea, p. 39). 
b. Subsidence may be caused by fault displacement 
associated with tectonic activity along major fault systems 
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such as Hilina and, therefore, not likely to affect rift 
zones (DOWALD EXH. 12, p. 4; KGS 8/27/84). 
c. Grabens are most likely to occur in the central 
portion of the east rift (DOWALD EXH. 12, p. 18; KGS 
8/27/84). 
d. Mitigating Measures: 
(i) Siting facilities away from the center of 
the rift zone (DOWALD EXH. 12, p. 5; KGS 8/27/84). 
(ii) Installation of automatic well shut-off 
devices and pipeline block valves to prevent geothermal 
fluids from entering any damaged pipeline sections (EIS). 
(iii) Geologic surveys to ensure site 
stability (DOWALD EXH. 12, p. 4; KGS 8/27/84). 
5. Earthg:uakes 
a. Most earthquakes in Hawaii are volcanic and 
result from near surface magma movements. These earthquakes 
are small in magnitude and usually cause little direct 
damage. (DOWALD Exh. 12, p. 4; KGS 8/27/84). 
b. A November, 1983 earthquake registering 6.6 on 
the Richter scale did not cause any damage to HGP-A 
facilities. (Moore Testimon:t, Vol. VI, December 19, 1984, 
p. 291; KGS 8/27/84). 
6. Tsunamis 
a. Hazard is present only to areas below 75 feet 
elevations (DG'JALD EXH. 12, p. 5; KGS 8/27/84). 
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b. Proposed Kilauea Middle East Rift Geothermal 
Subzone is located at elevations generally above 1,400 feet. 
(State Exh. 2, p. 41, KMERZ GS 9/26/85-5.) 
E. Lifestyle. Culture and Community Setting 
Potential social impacts resulting from a 100 MW 
geothermal development in the Kilauea Middle East Rift GRS 
woula be to lifestyle, culture and community setting, 
aesthetics, health, and noise. 
1. Population Increase 
a. Puna district is the fastest growing district 
on the Big Island and second fastest growing district in the 
State in terms of population increase (Hawaii State Census 
Statistical Areas Committee, 1985). As such, the Puna 
population contains a large proportion of newcomers. The 
population of the district increased 128 percent during the 
1970 to 1980 period and almost 41 percent during the 1980 to 
1984 perioa. It is noted that this occurred without any 
major aevelopment activity in the aistrict. The population 
increase has been partially attributed to diversified 
agricultural activities in Puna and the emerging role of 
Puna as a "bearoom" community for Hila. This latter factor 
is expected to contir,ue in the future. (FSEIS pp. 102-103) 
b. Puna has proportionately more Caucasians and 
fewer Japanese than the Big Island as a whole. A large 
increase (311%) in the Caucasian population between 1970 to 
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1980 has increased the size of the Caucasian population to 
almost the combined population of all the other non-
Caucasians excluding Hawaiians. (FSEIS p. 103) 
c. Puna's Hawaiian population is proportionately 
smaller than the Big Island's as a whole. However, the 
Hawaiian population increase (195%) was also high during the 
1970-1980 aecade. An even larger increase in the Hawaiian 
population has occurred in Lower Puna. It is estimated that 
there are about 1,000 Hawaiians residing in Lower Puna, 
which is about 75% of the total Hawaiian population in the 
Puna ciistrict. 
a. The cultural practices and lifestyles of Puna 
district are as varied as the ethnic composition of the 
population. This diversity contributes to and most likely 
enriches the quality of life in the district. At present, 
and for the foreseeable future, Protestant, Catholic, 
oriental and ancient Hawaiian religions and cultural 
iaeologies are practiced in the district. (FSEIS p. 104) 
e. Economically, Puna, particularly Lower Puna, 
has traditionally been an agricultural community. Local 
farmers produce the bulk of the County's papayas, 
anthuriums, orchicis, bananas, vegetables, maile and 
marijuana. (FSEIS p. 105) 
f. Approximately 54,000 agriculture and urban use 
subdivideo lots are presently vacant in the Puna district. 
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When and how fast these 54,000 vacant lots in the district 
will be developed and occupied depends on various 
interrelated factors, such as the county's overall economy, 
which is in turn dependent on the state and national 
economy. In particular, what happens in Hilo in terms of 
economic activities will directly influence population in-
migration to Puna and the development of those lots. (FSEIS 
pp. 106-107) 
g. The ~reposed project is not expected to cause 
any significant changes to the rural or agricultural 
lifestyle presently existing in the area. The communi ties 
are expected to remain essentially rural and agriculturally 
oriented, as the proposed prOJect is not expected to 
directly attract a major influx of population in-migration 
to the district. This is because the project itself is a 
capital intensive not a labor intensive industry. However, 
it is expected that there may be a gradual minor population 
increase aue to the ~reposed project over the life of the 
prOJect, if employees, presently living in other Big Island 
districts, move into the Puna district and decide to stay 
permanently. If it is assumed that one-half of the project 
employees relocate to the Puna district, the total 
population increase is estimated to be in the range of 158 
to 255 persons. This would represent a 0.96 to 1.54 ~ercent 
increase over the present Puna district population of 16,530 
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versus the 220 percent increase that has occurred over the 
~ast fourteen years. The 1.4% increase in the population 
that would directly result from the proposed project during 
the next 10-year period woula not be expected to have any 
direct adverse impacts on the community in terms of public 
utility services and public facilities. (FSEIS p. 108; 
Applicant's Exh. 5, p. 4) 
h. Economically, the proposed project will provide 
employment opportunities in three basic construction areas 
(roaa construction, well drilling and pipeline/power plant 
construction) and in pipeline and power plant operation ana 
maintenance. (Table 26 of the FSEIS p. 110, identifies the 
estimatea number of employees required over the life of the 
prOJect.) These estimated number of employees are: road 
construction: 15-25 workers, well drilling: 15-20 laborers, 
pipeline/power plant construction: 60-100, construction 
workers, pit'eline/J?OWer plant operation: 670 engineers and 
operators. (FSEIS p. 110; Applicant's Exh. 5, p. 3) 
i. Based on the project's development schedule, it 
lS probable that the initial labor required for roati 
construction and well drilling activities will be needea as 
soon as the project begins, i.e., mid-1986. Initial labor 
forces required are estimated to be around 50 workers, 
perhaps 10 to 15 for well drilling activities and the 
remainder for roaa construction. The pipeline/power plant 
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labor will be required beginning in mid-1987. All labor 
forces will be employed either continuously or 
intermittently during the 10-year development/construction 
period. Power plant operations and maintenance personnel 
will be required as power plants come •on-line• in 1989, 
1990, and 1995. (FSEIS pp. 110-111) 
j. It is expected that the majority of the 
employment positions will be filled by present Big Island 
resiaents because there are sufficient levels of work skills 
and labor forces available. The employment of Puna district 
ana/or island ot Hawaii residents to fill the construction 
and plant operation positions is expected to have a positive 
impact on the economy of the island in general and 
specifically the Puna district. It is estimated that the 
average annual income per employee will be approximately 
$22,500. Assuming a work force of 100 employees during the 
first 10 years of construction/operation, total wages would 
be $2,250,000 per year. If an expenditure multiplier of 2 
is assumed and it is assumed that only one-half of the 
income is expended in Puna district, the net annual 
Lncreased expenditure in the district would be $2,250,000 
and the increased expenditure for the island or the state 
would be an aaditional $2,250,000 per year. (FSEIS p. 111; 
Applicant's Exh. 5, p. 4). 
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k. At present, hunting is allowed in the Puna 
Forest Reserve and •gathering• is allowed outside of the Wac 
Kele 0 Puna Natural Area Reserve upon issuance of a permit 
for gathering for personal use only. The transfer of 
hunting rights from the proJect area to Kahauale'a would 
lessen the impact of locating the proposed project on the 
state lanas. (FSEIS p. 112) 
1. During the exploration stage of the project, it 
is estimated tnat there will be approximately 16 to 20 trips 
per average 24-hour day. During the aevelopment stage, it 
is estimated that an additional 20 trips per average 24-hour 
day will occur. During the operational stage, it is 
estimatea that a total of no more than about 15 trips per 
average 24-hour Clay will occur. This traffic will consist 
of construction workers, materials and supplies deliveries 
including any chemicals required by the abatement systems 
used, operations and maintenance personnel and visitors. 
(FSEIS !:'• 114) 
m. Ii required, workers could be bussed or car-
pooled into/out of the project area. The transportation of 
all heavy, slow moving equipment will be performed during 
off-peak traffic periods during daylight hours ana 
coordinateCI with the County Police Department. Also, all 
traffic into and out of the project area will be via a 
controlled access security gate. 
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n. The planned traffic/transportation controls 
will minimize traffic increases on the roadways in the 
vicinity of the project area. As such, the limited 
increasea traffic is not expected to impact existing 
lifestyles, cultural practices or commercial or recreational 
practices and activities in the areas surrounding the 
project area. (FSEIS p. 115) 
2. Hawaiian Religion and Culture 
One of the issues raised recently about geothermal 
development involves the impact of such activity under the 
traditional culture of the Hawaiian community. These 
concerns are focused on the potential conflict over the use 
of the land in culturally compatible ways and the potential 
interference with the application of certain Hawaiian 
cultural practices. These practices are the right to gather 
food, medicinal plants and maile, and to hunt in the 
proposea development area as well as the effect of the 
development itself on Pele Practioners. 
Vol. VII, February 20, 1986, pp. 8-9.) 
(Murabayashi, Tr. 
a. Traditional Hawaiian land system. 
(1) In the traditional Hawaiian land system, 
where no one truly owned the land, the person charged with 
tne responsibility o:t management of a .lll.Q.k..u, ahupua'a or any 
other parcel of land, had the duty and responsibility of 
deciding how such land was to be used. In this instance, 
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whoever owns the land involvea in this case should have the 
responsibility of deciding how he shoulci develop, improve, 
or otherwise make that land productive or useful. 
(Applicant's Exh. 19, p. 3; Piianaia, Tr. Vol. XI, February 
23, 1986, p. 45-46, 48, 57). 
(2) In spiritual matters in Hawaiian culture, 
ancestral authority is not a higher authority than that of 
the landowner. (Piianaia, Tr. Vol. XI, F'ebruary 23, 1986, 
p. 58.) 
b. Traditional Views. 
(1) ~~~~~~=2~~~~~~. In the traditional 
chronology of volcanic events in the Hawaiian Islands, the 
responsibility for volcanism is the responsibility of the 
major god .lUI. (there were four major gods: .lUl,, .K.ii.D.e, Lono, 
and Kanaloa). The deity to which this responsibility was 
delegated, as recited in the early traditions, was a god 
named 'Aila'au (in this particular application, the name 
means •one who consumes forests"), a male. Why this was so 
may logically be attributed to the idea that the earliest 
settlement of these Hawaiian islands was a fantastic 
conquest of man over the elements which, in the minds of the 
people of the time, was indeed a major job of the male 
gender. There is very little known today of this early god 
of volcanism despite the fact that studies of the various 
lanascapes in the Hawaiian I&lands indicate strongly that 
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volcanism was just as active in the earlier settlement 
period as it has been in more recent times. Inasmuch as the 
name of this god is not found or repeated elsewhere within 
the Polynesian area, it is reasonable to surmise that the 
god 'Ail a' ay is indigenous to the Hawaiian tr aai tion. 
(Applicant's Exh. 19, p. 1). 
(2) Pele: A migrant to the Hawaiian Islands 
sometime after the earliest settlement was stabilized, ~ 
is tne current goddess of volcanism, a responsibility she 
has ably shoulaered for perhaps a thousand years or so. Her 
domicility can be tracea back to several other islands of 
Polynesia before coming to the Hawaiian Islands, among these 
being Tahiti, Samoa, and Aitytaki. Among the current native 
inhabitants of these areas, traditions relative to the 
sojourn are hazy. What this tells us, however, is that 
Pele is a goddess not truly indigenous to Hawaii. Despite 
this, she has done a fantastic JOb in capturing the 
attention, the awe, the imagination, the respect of almost 
all of us in Hawaii; even the sincere worship of some of us. 
(Applicant's Exh. 19, p. 1; Piianaia, Tr. Vol. XI, February 
23, 19 86, !:'• 43). 
(3) .ll..iU.i:JBA.l.l .. ~.l.lllla'y and Moky'aweoweo. These are 
the names of the volcanic craters at Kilayea and .Mauna l&a. 
volcanoes, respectively. Most of the writings in the k'ast 
50 years or so indicate that Halema'yma'y is the home of the 
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goddess _i_e~_e. However, as a youngster, "r. Abraham 
Piianaia, the heao o.f the Hawaiian Studies Program at the 
University of Hawaii, was repeatedly told by his 
grandparents that the l}oku'all1~ll1~ is the actual home of 
~. but that she often did some of her volcanic chores at 
RAl..em~m~. An examination of these place names sheds 
some light on the subject. Translated, halem~.m~ means 
"home of the ma'uma'u fern"; Moku'aweoweo means •a fiery red 
island" which refers to what the firepit looks like, 
particularly curing an eruptive cycle. Mr. Piianaia was 
also told by his grandfather that in his youth, those 
Hawaiians wno were truly oevotees of Pele paid homage to 
Pele at Moku'aweoweo. With the building of roaos which maoe 
.li..ll.~..!:.lll..ll..lt~.Jl.lll..ll.~ more conveniently accessible, the 
establishment of the Volcano House as a hostelry at the rim 
of RAl..em~.m~, and the increased visitor interest in the 
area, people began to refer to the crater at Kilauea as the 
home of ~. But still another spin-off results from this 
change--the growth of a cult which considers ~ as its 
major godhead materializes. Hula groups make pilgrimages to 
honor the fire goooess in song and dance. In Beckwith's 
.ll..ll.ll1aiian l}ythology, the compilation of which took place 
nearly 60 years ago and included research information 
provided by highly respected native Hawaiian scholars such 
as Beckley, Wise, Kupihea who were alreaay over 50 years of 
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age, it is stated that Pele approaches the Hawaiian Islands 
"from the northwest, tries island after island without 
success, and finally settles on Hawaii at the crater ~loku-a­
weoweo.• (Applicant's Exh. 19, p. 1-2). 
( 4) Pele' s impetuousness. Most Hawaiians have 
a feeling that Pele is not a wanton goddess who would 
deliberately go out of her way to hurt anyone. This coula 
be absolutely true even today, EXCEPT for those who have 
experienced the result of Pele's occasional destructive 
outpourings. In 1926, almost the entire village of 
Ho'opuloa was made up of Hawaiians who had great taith that 
their volcano goddess would not harm them. Because of this 
faith, none of them aid anything to remove their 
belongings--just in case. When the molten mass of red hot 
lava about 30 feet high and at least 700 teet w iae showed no 
signs of changing its course, some residents removed ther 
household goods and livestock to safety, but hardly anything 
else was saveo. The flow of lava consumed the entire 
village and continued on its way to the nearby sea. Last 
attempts at appeasement through the offering of pigs, 
chickens and other objects to ~ failed; the long standing 
belief that no Hawaiian village woula ever be consumed by 
volcanic action because ~ protected her own people was no 
longer so. This specific lava flow of 1926 is well 
aocumenteo. (ApJ,>licant's Exh. 19, p. 2). 
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c. Modern Views. 
(1) In the survey done by Puna Hui Ohana, 
Assessment of Geothermal Development Impact on AbOriginal 
~~aiians found that "the question asking about overall: 
impact of geothermal development in Puna produced responses 
in the "neither good nor bad" middle ground. There seems to 
be a balancing ot the potential economic benefits of 
geothermal aevelopment with the environmental and social 
costs of development. (DOWALD Exh. 8, p. 9-10). 
(2) Pele Practitioners. The Pele practitioners, 
R.P. Dedman and E. Aluli, have stated that the commercial 
development of geothermal energy will be an impermissble 
interference with their native Hawaiian right to practice 
their religious reverence for the Goddess Pele. (Dedman and 
Alului, written testimony, Kilauea Middle Rift Geothermal 
Subzone, November, 1985). 
(3) These Pele practitioners believe that the 
Goddess Pele is embodied in the geothermal resource and that 
the utilization of that resource is a desecration of Pele. 
(Dedman, Tr. Vol. V, p. 143, lines 23 and 24). 
(4) To many native Hawaiians, Pele is regarded 
as an akua or an aumakua and personal offering are made to 
Pele as part of religious practice. (DOWALD, Exh. 2, 3rd 
Paragrai>hr p. 13). 
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(5) Some native Hawaiians also identify 
themselves as the blooaline of Pele and believe that 
geothermal aevelopment may forever extinguish or destroy 
essential parts of Hawaiian heritage, culture and religion. 
(DOWALD, Exh. 2, 3rd paragraph, p. 13). 
(6) Pualani Kanahele, a Pele practitioner, 
stateo that the people of Hawaiian ancestry from the island 
of Maui, from the islana of Oahu, from the island of Molokai 
and wherever else they live in this worla, has no connection 
to this diety [Pele] herself. There is very few, a handful 
of people, that has this connection to Pele. (Kanahele, Tr. 
Vol. VIII, February 21, 1986, p. 110). 
(7) The belief that the development of 
geothermal steam for the generation of electricity is a 
desecration of Pele is not universally shared by all native 
Hawaiians. Historical accounts of native Hawaiian activity 
show that they used geothermal steam tor cooking food for 
non-religious purposes such as feeding animals. (Account of 
Rev. Ellis; Handy and Handy, DOWALD, Exh. 2, 5th paragraph, 
p. 13). 
(8) Other native Hawaiians currently believe 
that the development of geothermal energy is not 
counterproductive to native Hawaiian culture and heritage. 
One of these native Hawaiians has stated that, • ••• as a 
Hawaiian who shares the love of this land with others, 
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cognizant of my heritage and traaitions, I feel my ancestors 
would be proud to know that we are trying to use our natural 
resources in the best way possible. The Hawaiian of times 
past, with his astute knowledge of all things and through 
the proper observances of established laws, used all of the 
natural resources available in their limited way to do the 
most good :tor the most people.• (Testimony of G. Jenkins, 
Public Hearing on Middle Rift Geothermal Subzone, September 
26, 1985). 
(9) Other people speaking on behalf of 
Hawaiian civic groups have spoken in support of geothermal 
aevelopment. The presioent of the Hawaiian Civic Club in 
Ka'u stateo in support of the designation of a geothermal 
resource subzone that, • ••• we are not living in the past 
now. There's a lot of things we need to preserve, and yet 
there's a lot of things that sometimes we have to give up 
:tor the betterment of our own Hawaiian children ano 
families. Now, we speaking on behalf of myself, talking 
about geothermal, I cannot say that I know too much about 
geothermal. But I think I know enough that I would sit here 
ano support the geothermal resource subzone •••• • 
(Testimon:.' of A. Carriaga, Public Hearing of the Kilauea 
Southwest Rift Zone Geothermal Resource Subzone, September 
26, 1985). 
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(10) Campbell Estate, whose beneficiaries are 
also Hawaiian, contemplated the concerns of Pele 
Practitioners and decided to address this issue by visiting 
with Hawaiian community leaders, scholars, and theologians 
to evaluate this concern. A team consisting of three 
Hawaiians, Mr. Oswald K. Stender, Chief Executive Officer; 
Mr. Sam Keala, Manager, Engineering and Construction; and 
Berman Clark, Jr., looked into the matter on behalf of the 
Estate. They met with twenty-three groups and thirty 
individuals such as the Kalapana Community Organization; Alu 
Like Boara/island of Hawaii; and University of Bawaii-Hilo, 
Hawaiian Studies students. (Applicant's Exh. 6, p. 2; Clark 
Tr. Vol. IV, p. 89, FSEIS pp. 112-113.) 
(11) All of the people who were contacted 
shared a respect and reverence for Pele. Similarly, they 
also expressed a sensitivity to the rights of other 
Hawaiians who are Pele practitioners. However, the ma)ority 
view expressed by the people contacted was that the 
importance of the development of geothermal energy to the 
economy and future of the State of Hawaii and to all of its 
people, shoula not be ignored and left unexplored. It was 
felt that the development of geothermal energy in Hawaii 
could be interpreted in a positive light :tor the Hawaiian 
community as well as the State. (Applicant's Exh. 6, p. 2-
3; Clark, Tr. Vol. IV, p. 91, 96). 
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d. Mitigating measyres. 
(1) The potential impact on the practice of 
gathering food, medicinal plants and maile can be lessened 
to the extent that any of the gathering rights will be 
transferred to Kahauale'a through the land use exchange. It 
may also be mitigated by allowing freedom of gathering for 
personal use on a permanent basis within safe areas of the 
proposed geothermal resource subzone (Murabayashi, Tr. Vol. 
VI, February 20, 1986, p. 12). 
(2) As to the perceived conflict between the 
beliefs of the Pele Practioners and geothermal development, 
possible mitigating measures are continuously sought, and 
consideration of the potential conflicts of the Pele 
Practioners together with kupunas, the land owners, and all 
geothermal developers. This can be done through a continuea 
and honest aialogue among the involved parties and various 
other groups and individuals, particularly Hawaiians and 
part-Hawaiians (Murabayashi, Tr. Vol. VI, February 20, 1986, 
pp. 12-13). 
~ Aesthetic Concerns 
a. The proposed geothermal resource subzone is 
located in an area 3-6 miles from potential view corridors 
along the eastern edge of the Hawaii Volcanoes National 
Park, the Hawaiian Belt Road, and upslope of the project 
area. (AJ,Jpl icant' s Exn. 5, p. 5). 
-so-
b. The tallest structure within the proposed 
project area will be a 150' (15-story height) drilling rig. 
It is anticipated that throughout the project development 
only 1 drilling rig will be utilized. The second highest 
structure may be a 65 foot power 1-lant. (Applicant's Exh. 
5, p. 5). 
c. Some people may perceive that these structures 
together with varying pipelines and access roads may create 
conflicting views within the mostly torested area. However, 
in view of the remoteness of the area, view corridors 
especially !rom the Hawaii Volcanoes National Park, and from 
the residences surrounding the area are extremely limited 
and therefcre, the permanent structures on the cievelopment 
should not pose a serious problem to the visual aesthetics 
oi the area. (A!;-J:-licant's Exn. 5, p. 5). 
4. Conclusion 
OVerall indications are that the elements of major 
social concerns and impacts coulci be minimized and 
preservation of quality environment coula be achieved by 
pro~:-er siting, landscaping ana design of plant facilities, 
ana careful controls and monitoring of all operations. The 
r.ecessity and desirability of furthering the on-going 
processes of accessing community input from all sectors 
should be emphasizeti particularly with the Hawaiian 
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community. (DOWALD Exh. 8, p. viii, M.urabayashi, Tr. Vol. 
VI, February 20, 1986, p. 13.) 
F. Health 
1. Health Concerns. 
a. A maJor concern of the public regarding 
geothermal development has been the effects of any 
geothermal emissions, particularly hydrogen sulfide (H2s), 
as it affects their health. (Applicant's Exh. 5, p. 6). 
b. A survey conducted by SMS Research, Inc., for 
the State Department of Planning and Economic Development 
and the Hawaii County Department of Planning, 
The Puna Community Survey, completed in April, 1982, inter-
viewed 778 residents in the Puna area and among the 
questions asked was the following: 
Question No. 18 [3]: "Have you or members of your 
household been affected by those wells in any way? 
[Geothermal wells in Puna]." 
Onlx 18% of the respondents answered •yes" and 81% 
of the respondents answered •no•, with 1% answering 
"Don't know." 
(DOWALD Exhibit 8, p. 2, KMERZ GS 9/26/BS-5.) 
c. The ambient air H2 S standard currently under 
study by the State of Hawaii Department of Health recommends 
that man made sources of H2 S not add more than 0.025 ppm of 
H2s to the existing ambient levels and imposes an absolute 
ceiling concentration of 0.100 ppm H2 S when man made and 
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natural H2S sources are combined. (Applicant's Exh. 5, p. 
6) • 
d. Review of this proposed standard by 
environmental epidimiologist found that the lowest level of 
H2s capable of producing objective signs of tissue damage in 
man as 10.0 ppm and that a standard based on a 100 fold 
safety factor below this level should be adequate to protect 
the general public from adverse health effects of H2 s. 
(Ap.~,>licant's Exh. 5, p. 6). 
e. A review of California's ambient air H2 s 
standard of 0.030 ppm similarly found that this level was 
aaequate to protect human health. Hence, compliance by the 
developer with the currently proposea Department of Health 
ambient air standard of a 0.025 ppm increment and 0.100 ppm 
absolute concentration should, in light of the latest 
research, prevent adverse health impacts from the proposed 
100 Mw development on the surrounding population. 
(AJ?plicant's Exh. 5, p. 6-7). 
f. Of the 18% of households which indicated that 
they were affected in any way by geothermal wells in Puna, 
only 14% indicated they were affected by health problems 
while 71% perceived smell as the negative effect of 
geothermal wells. (DOWALD Exh. 8, p. 2) 
g. In the "Puna Speaks• case, where the HGP-A 
plant was challengeo by Puna resicients, the u.s. District 
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Court ruled that the plaintiffs did not prove their case in 
the suit as no causation was established between the well 
emissions and the malaaies alleged by the plaintiffs which 
they claimed were caused by the HGP-A plant. (DOWALD Exh. 8, 
p. 3) • 
h. A standard survey form developed by the 
National Center for Health Statistics was used to survey and 
com1:-are the health status in the community of Leilani 
Estates to the community of Hawaiian Beaches. The survey was 
aone by a committee appointed by the Department of Health 
headea by Dr. Bruce S. Anderson (Testimony of Bruce S. 
Anderson, Vol. VI, February 20, 196, p. 49-50). 
i. There were two primary purposes for taking the 
survey: one was to establish baseline health information in 
the event geothermal resources were further developed in the 
area, and the other was to address some immediate concerns 
of the residents, that their health was being compromised by 
the existing emissions from the HGP-A well. (Testimony of 
Bruce s. Anderson, Vol. VI, February 20, 1986, p. 49). 
j. The study conducted by the Department of Health 
concluded that there was no statistically significant 
difference in the health status of the two communties. The 
study included the rate of respiratory conditions which 
include bronchitis, emphysema, asthma, hay fever, sinusitis, 
which are associated with exposure to air pollutants. 
-54-
(Testimony of Bruce s. Anderson, Vol. VI, February 20, 1986, 
p. 96) • 
k. Two residential communities were selected for 
stuay: (1) "Leilani Estates,• a community that is directly 
and downwind of existing geothermal wells (on prevailing 
trade wind days): and (2) a portion of "Hawaiian Beaches 
Estates" as a control. Leilani Estates was selected because 
of its close proximity to the HGP-A well and history of 
complaints associated with geothermal development 
activities. Hawaiian Beaches Estates was selected as a 
control for comparison because of its location (normally, 
ouring prevailing trade wind days, upwind from existing 
geothermal wells) and, presumably, similar demographic 
Characteristics. (Sierra Club's Exh. 10, p. 6,) 
1. Dr. Anderson testified that it could be saia 
fairly competently that there was no impact that coulo be 
associated with H2s for any particular environmental 
problems in the Leilani Estate areas when compared to the 
Hawaiian Beaches. (Testimony of Bruce s. Anderson, Vol. VI, 
February 20, 1986, p. 102). 
m. It a person was exposed to an environmental 
hazard which may have insidious affects, one would certainly 
expect exasperation of predisposing illness and possibly 
so@e of this exposure may result in some common respiratory 
illness, but there was no finding of this in Leilani 
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Estates. (Testimony of Bruce Anderson, Vol. VI, February 
20, 1986, p. 97). 
n. The study that was done was satisfactory in the 
sense that at that point in time there was no difference in 
the health status of those two communities surveyed. 
(Testimony of Bruce Anderson, Vol. VI, February 20, 1986, p. 
89) • 
o. There is no eviaence in the literature that 
shows tnat H2 S is carcinogenic or mutagenic or teratogenic 
or that it effects the reproductive system. Nor is there any 
evidence in the literature to suspect an increase in chronic 
respiratory aisease, H2S doesn't necessarily cause asthma or 
emphysema or bronchitis, although it's possible that people 
with those conaitions may be more susceptible. However, 
even that relationship is not substantiated in the 
literature. (Testimony of Bruce Anderson, Vol. VI, February 
20, 1986, j,)p. 59-60). 
p. Ev iaence suggests that an inaiv iciual who 
survives a single high level exposure to H2 s usually 
recovers rapialy and completely. (Testimony of Bruce 
Anderson, Vol. VI, February 20, 1986, p. 61). 
q. The lowest level at which health effects have 
been observed, that is decreased reflexes and eye irritation 
is about 10 parts per million or 10,000 parts per billion. 
If a safety factor of 100 is put in, that level is down to 
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100 parts per billion. The safety factor is added to 
protect high risk individuals. (Testimony of Bruce 
Anderson, Vol. VI, February 20, 1986, p. 69). 
r. A healthy individual would not have any 
physiological problems until levels exceeaed 10 parts per 
million or 10,000 parts per billion. (Testimony of Bruce 
Anderson, Vol. VI, February 20, 1986, p. 70). 
s. A safety factor of 100 ppb is appropriate. 
(Testimony of Bruce Anderson, Vol. VI, February 20, 1986, p. 
6 9) • 
t. Detecting odor aoesn't necessarily imply an 
odor nuisance. (Testimony of Bruce Anderson, Vol. VI, 
Feoruary 20, 1986, p. 70). 
u. Dr. Anderson telt comfortable in saying that no 
matter how many samples or how many surveys are taken, it 
may never be known if H2S is a factor affecting diseases. 
(Testimony of Bruce Anaerson, Vol. VI, February 20, 1986, p. 
92) • 
v. In any study it woula be difficult to show a 
direct cause ana effect relationship. Any relationship 
woula be secondary at best and woula be subJect to the 
judgment of whoever was reviewing the report. (Testimony of 
Bruce Anderson, Vol. VI, February 20, 1986, p. 52). 
-57-
2. Noise Aspects 
a. Noise levels associated with geothermal energy 
development and operation are comparable with those of 
industrial or electrical !Jlants ot similar size. (DOWALD 
Exh. 8, p. 4). 
b. In May of 1981, the County of Hawaii Planning 
Department issued a set of Geothermal Noise Leyel Guidelines 
to provide proper control and monitoring of geothermal-
related noise impacts with stricter standards than those 
prevailing for Oahu and state-wide, based on lower existing 
ambient noise levels for the Island of Hawaii. Because 
these guidelines answer directly ~o the noise concerns, they 
are presented in the following excerpts: 
In granting Special Permits tor the exploration 
and development of geothermal resources in the Puna 
District, the Planning Department and Commission 
found that there were potential adverse impacts to 
the surrounding area which may result from the 
geothermal operations. Consequently, stringent 
controls and conditions were attached to the 
respective permits. The Planning Commission 
assigned the Planning Director the primary respon-
sibility for the monitoring and enforcing of these 
conaitions. 
In light of these responsibilities and the 
numerous noise related com~laints received from 
residents of the Puna Distr~ct concerning certain 
geothermal drilling operations, the Planning 
Department has developed the following guidelines 
to determine acceptable noise levels for both geo-
thermal exploration and production. 
These noise levels are intended to provide the 
Planning Director with the necessary guidance to 
review and assess geothermal operations on a case 
-58-
specific basis to determine whether a noise 
nuisance exists or not. Based on this review, 
should the Planning Director find that the 
acceptable noise levels are being exceeded and that 
the residents are being significantly adversely 
impacted by that noise, he can: (1) invoke more 
stringent noise mitigative procedures and/or 
mitigative devices; or (2) ease further geothermal 
activity in accordance with the appropriate provi-
sions of the Special Permits. 
Guidelines 
In conjunction with the various acceptable 
noise standards and the factors specifically 
affecting the Puna environment, the Planning 
Department has developed the following noise level 
guidelines for geothermal activities: 
1. That the acceptable geothermal noise guidelines 
should be at a level which reasonably assures 
that the Environmental Protection Agency and 
u.s. Department of Housing and Urban Develop-
ment criteria for acceptable indoor noise 
levels can be met. 
2. That the sound level measurements shoula take 
place at the affected residential receptors. 
3. That, in conjunction and appreciation of the 
otner guidelines, the acceptable noise levels 
for geothermal Cievelopment are as follows: 
a. That a general noise level of 55 dBA during 
daytime and 45dBA at night not be exceeded 
except as all owed under b. For the 
purposes of these guidelines, night is 
defined as the hours of 7:00 p.m. and 7:00 
a.m.; 
b. That the allowable levels for impact noise 
be 10 dBA above the generally allowed noise 
level. However, in any event, the 
generally allowed noise level should not be 
exceeded more than 10% of the time within 
any 20 minute period. 
c. That the noise level guiaelines be applied 
at the existing resiaential receptors which 
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may be impacted by the geothermal 
operation; ana 
d. That sound level measurements be conducted 
using standard procedures with sounna level 
meters using "A" weighting and "slow• meter 
response unless otherwise stated. 
The guidelines for allowable ~eothermal noise 
levels are intended to provide an 1nterim basis for 
assessing geothermal activities. As more 
information is obtained and a better understanding 
of both the noise levels and their impacts on the 
environment and the climatic conditions affecting 
the Puna area, these guidelines should be amended. 
c. The noise source associated with initial 
construction operations, well drilling and testing, power 
plant operations and reservoir maintenance will be the same 
in the Kilauea Middle East Rift as those aescribed for 
Kahauale'a. The major dittence for the proposed project is 
that the noise sources would be located at greater distances 
from the National Park and to relatively denser populatea 
areas, e.g., the town of Volcano. (Applicant's Exh. 12, p. 1-
2) • 
d. Construction o~erations. The building of 
roaas, well sites, ana power plants will involve standard 
construction equipment--bullaozers, graders, and trucks, 
etc. operating in the same manner, and over a limited time 
period, as any other typical project: e.g., county road 
building, and clearing of agricultural land. No unusual 
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noise events of long duration are involved. (Applicant's Exh. 
12, p. 2). 
e. Geotherm~~ell drilling and testing. Well 
drilling will be accomplisned by the 24-hour use of a modern 
diesel-powered drilling rig accompanied by such ancillary 
diesel-powered equipment as electric generators, air 
cornr-ressors, mud pumps and portable cranes. The majority of 
the well drilling is anticipated to be air drilling where 
air is blown into the hole to cool the bit and bring up 
cuttings and debris. Large diesel-powered air compressors 
will be used. At times, the drilling instead utilize 
drilling mud which is forced into the hole by large diesel-
powered mud pumps used in the drilling operation which will 
cause sound levels of 85 to 95 dBA at 100 feet. 
Based on noise levels obtained from well drilling 
equipment which have had considerable noise control measures 
implementeo in the Pahoa area of the Big Island and in the 
Geysers, California, the e:l:fective noise source level of 82 
dBA at 100 teet is anticipated from the drilling site taking 
into consideration all equipment operating simultaneously. 
Achieving this noise source level not only dictates 
"hospital-type" engine exhaust silencers, but also various 
degrees of full and partial acoustical enclosures around 
selected diesel-powered equipment. It also dictates that 
when drilling with air, a large, high quality separator-
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silencer with adequate water injection be usea to reduce 
noise from the steam·and air discharge. This level of noise 
reduction has been achieved for drilling rigs with state-of-
the-art equipment as exemplified by the Lake County, 
California proposed noise standards for geothermal drilling 
rigs of 82 dBA at 100 feet. If found necessary, further 
noise abatement measures on the drill rig itself would be 
implemented. (Applicant's Exh. 12, p. 2-3). 
f. It is the intention of the developer not to 
free vent wells into the atmosphere unless necessary for 
cleaning, testing, or stabilization since noise levels of 
120 dBA at 100 feet can readily occur. Large rock mufflers, 
here and at the Geysers, have reduced venting noise to BO 
dBA at 100 feet. However, if a situation should arise where 
free venting was founa to be necessary, it will only be done 
for a limitea number of hours during the daytime, and only 
if tavorable weather conditions exist. (Applicant's Exh. 12, 
P• 4) • 
g. Geothermal po~er plants. The primary noise 
sources associated with geothermal power plants are steam 
lines including steam bleeding, the turbine building, 
cooling towers, ana transformers. Steam 1 ine noises 
including throttling can be reduced to insignificant levels 
by special acoustic lagging of the pipe and/or selected 
fittings. Bleeding of steam has been eliminated in modern 
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geothermal I-lants by the use of collector lines. Buildings 
and barriers can be designed to optimize the orientation and 
degree of closure to contain noises from the turbine, 
generators, and pumps. Cooling towers have not proven to be 
dominant noise sources in geothermal plants, typically 68 
dBA at 100 feet. Taking all major noise sources into 
account, the continuous noise level of 75 to 75 dBA at 100 
feet is considerea readily achievable for power plants in 
the geothermal resource subzone. (Applicant's Exh. 12, p. 
5) • 
h. }Jell drilling. In order for well drilling 
operations to cause less than 45 dBA during sound 
propagation Condition No. 2 (wind conditions of greater than 
5 and less than 10 mph), a downwind rece11tor must be about 
4,500 feet aistant. It a maJor topographical feature, such 
as Heiheiahulu, was located between the drill rig and the 
downwind receptor, a receptor coula be located much closer 
without exceeding the 45 dBA. If the receptor is locatea 
upwind ot the <irill rig, distances of only about 1,000 feet 
woula be adequate to reduce noise levels to 45 dBA. 
(Applicant's Exh. 12, p. 5-6). 
i. When the winds are very light, such as less 
than 2 mph (about 14% of the nights and 5% of the days), 
there is the possibility of sound focusing. This phenomena 
causes higher than normal noise levels to occur in small 
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areas. This fluctuating condition would most likely occur 
with the proper combination of light winds and a thermal 
inversion or in the rare instances of no wind and a very 
strong inversion. When there is no wind, the sound focusing 
is not directive and causes higher noise levels in small 
annular rings. When there is focusing of sound, temporary 
sound level peaks of 45 dBA may exist between 1-1/2 to 2 
miles from the drill rig, but they would generally be 
fluctuating such that the temporal conditions in the County 
Guidelines should not be exceeded. (Applicant's Exh. 12, p. 
6) • 
j. Knowledge of the noise source levels and the 
sound propagation conditions allow control of the noise 
levels from geothermal well drilling such that they will not 
exceed the acceptable levels in the County Guidelines at the 
nearby resiaences. Several wells have been drilled since 
1982 near the HGP-A site and it is understood that no noise 
complaints have been received from the resiaents living 
less than one mile distant even though they were often 
downwind of the rig and worst-case sound propagations must 
have occurred. This is considered evidence that adequate 
noise mitigation measures can be applied to the drill rig 
and ancillary equipment to control any aciverse noise 
impacts. (Applicant's Exh. 12, p. 7). 
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k. Power p~ants. Equipment associated with power 
plants is basically quieter than the diesel-powered units 
required tor arilling. Furthermore, the permanency of the 
power plant allows the implementation of noise mitigation 
features beyond that which is practical tor drill rigs. 
Power plant noise should be inaudible at about one mile 
under the worst-case propagation conditions. 
1. Venting through rock .mufflers. The overall 
noise levels from venting through rockmufflers not only are 
lower than those from drill rigs, but most of the sound 
energy is at mid-and-high frequencies from the drill rig. 
Forty-five dBA noise level contours for an 80 dBA (at 100 
feet) rock muffler woulcJ be somewhat larger than those shown 
for the power plant, but considerably smaller than that 
shown for the 82 OBA drilling. 
m. Free venting. Noise levels from all geothermal 
operations would meet County Guidelines except for those 
rare cases when wells must be free vented into the 
atmosphere. Free venting ot wells would be done only during 
the daytime, preferably during favorable sound propagation 
conditions (e.g. winds greater than 10 mph). 
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G. Environmental Impacts 
1. Meteoroloc,ay 
1.1 Data Collected 
a. From August 1982 through December 1984, a wind 
station at Fern Forest collected continuous wind data for 
the project. The station's wind data are the basic wind 
data for establishing the wino climatology of the project in 
the original Kahauale'a project area and in the present 
project area. (Applicant's Exh. 10, p. 3.) 
b. Other wind stations and networks were started 
in 1983 ana 1984 by NEA, Inc. For the Hawaii State 
Department of Planning and Economic Development, through 
which continuous data were collectea at Upper Leilani ana 
National Park Visitors Center tor 1983. For the Kahauale'a 
project, wind data stations and network with collection at 
Fern Forest, Mauna Loa Estates, Volcano Golf Course, 
Tnurston Lava Tube Site, Chain of Craters Road, Royal 
Gardens Subdivision Site, Kaimu-Makena Homestead Site, and 
Wakahekahe were operated in 1984 and early 1985. 
(Applicant's Exh. 10, p. 3.) 
c. NEA, Inc. also collected wind data from other 
established wind stations: Wooas Residence from Thermal 
Power Company; Volcano National Park Heaciquarters, Hilina 
Pali Road, Kalapana, Mauna Loa Strip Road, Naulu, Napau from 
-66-
the National Park Service; and Volcano Village from R. 
McBride. (Applicant's Exh. 10, p. 3.) 
d. NEA, Inc. summarized all of the wind data from 
the above collection efforts to establish a readily 
available weather data base for use related to geothermal 
development in the Kilauea east rift zone. (Applicant's 
Exh. 10, p. 3.) 
e. The locations of these wind stations are shown 
in Applicant's Exhibit lO(d). The main project wind station 
located at Fern Forest collected wind data from two heights, 
25 feet and 50 feet. Wind data from all wind stations, 
especially those with continuous wind measurements, were 
used in this second wind analysis to update the wind 
climatology for the area. Wind data from Waikahekahe, 
Kaimu-Makena Homestead Site and Napau were most useful in 
correlating with general weather patterns over the area and 
with the Fern Forest Station. (Applicant's Exhibit 10, p. 
4-5) • 
1.2 Characteristics of Wind in Project Area 
a. From a review and analysis of all collected 
data, it was concluded that the basic wind data collected at 
the Fern Forest meteorological station through continuous 
monitoring over a 2-year period is representative of the 
winds in the Kahauale'a and Puna Forest Reserve areas. 
(Applicant's Exh. 10, p. 3.) 
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b. The northeast trade winds which prevail during 
the day and the northwesterly drainage winds which prevail 
during the night. (See Exhibits lO(e) and lO(f) for the 
updated daytime trade wind flow and nighttime drainage wind 
flow, respectively). There is no significant difference 
between the originally proposed wind flow patterns for the 
project area and the updated wind flow patterns based on the 
collected wind data. (Applicant's Exhibit 10, p. 5). 
c. Trade winds during the day and drainage winds 
during the night dominate the wind frequency. During the 
day, trade winds (from the north-northeast through east) 
prevail 71% of the time compared to the originally proposed 
77% of the time. During the night, northerly drainage winds 
(from the northwest through north) prevail 4 4% of the time 
compared to the originallly proposed 65% of the time. The 
reason for the smaller percentage of the nighttime drainage 
winds from the north sector was that the drainage winds also 
flowed from the west sector (west-northwest throught west-
southwest) 28% of the time. Initially, westerly winds at 
the project area were not expected because broad scale 
westerly winds are rare in the Hawaiian Islands and these 
winds would be blocked from entering the project area by 
massive Mauna Loa. However, at the proJect area, the 
nighttime drainage winds which are normally from the north 
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through northwest direction, were also measured to flow from 
the west-northwest, west and west-southwest. Adding the 
percentages of the winds from the north through west-
southwest for the drainage winds resulted in a total of 72% 
for the current drainage winds which compares well with the 
65% of drainage wines initially expected. (Applicant's 
Exhibit 10, p. 5-6). 
1.3 Wind Speed 
a. There is a great difference in wind speeds 
between 25 feet and 50 feet heights in the project area. At 
Fern Forest, where wind measurements were taken at 25 feet 
and 50 feet heights, the average wind speed during the day 
was 7.5 mph at 50 feet height while the average wind speed 
at 25 feet height was only 3.3 mph. At night, the difference 
between the two heights was still great: 5.2 mph at 50 feet 
height and 2.4 mph at 25 feet. This difference in wind 
speed between 25 feet and 50 teet at the same location 
illustrates the increase in wind speed from the ground to at 
least a few thousand feet upwara. 
There is a significant difference in wind speed 
between the day and night. At Fern Forest, the average 
daytime wind speeds were 7.5 mph and 3.3 mph at 50 feet and 
25 feet heights, respectively. The average nighttime wind 
speeds were 5.2 mph and 2.4 mph at 50 feet and 25 feet 
heights, respectively. This difference in wind speeds 
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between day and night illustrates the comparison of the 
higher daytime trade wind speeds and the lower nighttime 
drainage wind speed in the project area. 
The overall wind speeds are mainly light to 
moderate. At Fern Forest, the average wind speed as only 6.4 
mph at 50 feet height and only 2.8 mph at 25 feet height. At 
50 feet height, only l% of thew ind speeds were greater than 
15 mph (between 15 and 19 mph), with the rest of the wind 
speeds below 15 mph. During the day, 75% of the wind speeds 
were less than 10 mph and during the night, 95% of the wind 
speeds were less than 10 mph. (Applicant's Exhibit 10, p. 
6 7) • 
1.4 Daytime Winds (8:00 a.m. - 8:00 p.m.) 
a. Tradew inds, winds from the north northeast 
through east, which are the dominant winds, occurred 71.38% 
of the time. 
b. Southerlies, from the east-southeast through 
southwest, occured 12.6% of the time. 
c. Northerlies, from the northwest through north, 
occurred 13% of the time. 
d. Westerlies from the west-southwest through 
west-northwest, occurred 3.1% ot the time. (Applicant's 
Exhibit 10, p. 7-8). 
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1.5 Nighttime Winds (8:00 p.m. - 8:00 a.m.) 
a. Northeilies, the majority of the nighttime 
drainage winos, occurred 43.6% of the time. 
b, Westerlies, which are the result of drainage 
winds and some southerly winds, occurred 38% of the time. 
c. Winds from the north-northeast through east 
(trade wind direction) occurred 20.7% of the time. 
d. Southerlies occurred 7.5% of the time. 
(Applicant's Exh. 10, p. 8.) 
1.6 Temperature Inversions 
The occurrence of nighttime ground termperature 
inversion has not yet been measured in the project area. 
Although the conditions are not entirely the same at Hilo 
Airport and the project area, and the ground temperature 
inversion at the airport area cannot be totally transposed 
to the project area, it would be relevant to study and apply 
the 2 a.m. upper air soundings at Hilo Airport which 
indicate a ground temperature inversion on most soundings. 
The average monthly strength of the temperature inversion 
between the surface and about 450 feet is about 2°F. This 
temperaure inversion is due to the nighttime cool drainage 
air flow from the mountains and the radiational cooling of 
the surf ace at night. 
At the project area, the cool drainage air flow 
plus the radiational cooling of the land at night are both 
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expected to contribute to the formation of the ground 
temperature inversion on most nights with light winds. The 
temperature inversion may not exist during nights with 
strong winds or heavy rain. Based on the drainage wind 
height of 180 feet at Mauna Loa Observatory (Mendonca and 
Iwaoka), maximum drainage wind heights of 160 to 650 feet 
(Ekern and Garrett), and the average height of the top of 
the ground temperature inversion at about 450 feet at Hilo 
Airport, the height of the top of the temperature inversion 
at the project area is estimated to range from 200 to 500 
feet. Its strength (temperature difference between the 
ground and top of inversion) is estimated to range from 0°F 
to 4oF with an average strength of 2°F occurring on most 
nights. The wind speed of the drainage wind is estimated to 
be 1 to 4 mph. 
To measure the strength and duration of the ground 
temperature inversion, a record of temperatures taken during 
the period of the inversion at about 5 feet height to at 
least 200 feet height will have to be recorded by a pair of 
sensitive sensors. (Applicant's Exhibit 10, p. 9-10). 
1.7 Air Dispersion Modeling 
a. In order to assess the potential impact of the 
proposed geothermal development, Applicant's air dispersion 
moaelling expert, Dr. Daniels, investigated a number of 
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meteorological situations which could generate high 
concentrations. These situations can be divided into two 
catergories: 
1. Situations with a mean wind direction 
prevailing through the period. 
2. Situations with stagnating air for several 
hours i.e. period without a distinct mean wind 
direction. 
The first category comprises simple advection 
situations which were modelled using an EPA (NOAA 1983) 
recommended model. 
For the second category a non-EPA model was used as 
no appropriate model for this situation was readily 
available from the EPA. This model is only a puff model 
variant of the continuous source model used for the first 
category. (Applicant's Exhibit 11, p. 2-3). 
b. Calculations were made for a 55 MW plant 
emittir.g 15 gr/MWhour or 2.3 gr/sec of hydrogen sulfide 
during operations and 3.1 gr/sec during stacking. Other 
plant characteristics used are taken from a Dames and Moore 
report to tne EPA (19 84) except for the cooling tower exit 
velocity temperature where a more conservative value 
recommended by Dr. Thomas (1985) was used. 
Only hydrogen sulfide emissions from power plant 
operation and stacking are included in the assessment as 
these are most likely operations to potentially violate 
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proposed State of Hawaii ambient air quality standards. 
(Applicant's Exhibit 11, p. 3). 
c. The commonly used and EPA recommended Gaussian 
oirfusion model for a continuous source was used to estimate 
concentrations for situations with a distinct mean wind 
direction. (Applicant's Exhibit 11, p. 4). 
d. No surface reflection was assumed in the study 
done by Dr. Anders P. Daniels because surface reflection was 
developed for urban areas. (Daniels Testimony, Vol. VIII, 
February 21, 1986, p. 32). 
e. The wind speed affects estimated concentrations 
in two ways: 
* low w~nas produce poor initial mixing but allow 
emissions to be lifted to several times the 
physical stack height; and 
* high winos provide large initial mixing but 
prevent emissions rising far prior to losing 
vertical momentum 
t. The plume rise was calculated from Brigg's 
expressions as given in the NOAA (1983) repor~ From the 
ambient temperature a night time value of 73°F was used 
based on temperature records from nearby Mountain View. 
The above calculations depend critically on the 
estimated plume rise calculated from Brigg's expression 
(NOAA, 1983). The calculations used are empirically 
established, widely used, and generally accepted and 
although not specifically developed for the emission types 
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dealt with in this analysis, there are no reasons to 
conclude that they are not appropriate, as no other 
alternative calculations are available according to Dr. 
Daniels. (Applicant's Exh. 11, p. 4 and 7). 
g. The effective stack height is the sum of the 
physical stack height, and the plume rise due to buoyancy 
and momentum of the release gases as they exist in the 
cooling tower. (Applicant's Exhibit 11, p. 7). 
h. From these calculations, the follwing maximum 
calculateo concentrations ot H2 s from a 55 MW plant for 
five downwind oistances were oetermined as follows: 
Distance 
Mile 
Stability 
Class 
Power Production 
0.5 
1.0 
1.5 
2.0 
2.5 
Stacking 
0.5 
1.0 
1.5 
2.0 
2.5 
Neutral 
Neutral 
Neutral 
Neutral 
Stable 
Neutral 
Neutral 
Neutral 
Stable 
Stable 
Wind Speed 
mps 
20 
10 
10 
10 
3 
20 
15 
10 
5 
3 
(Applicant's Exhibit 11, p. 6). 
Etf. Stack 
Height, m 
37 
58 
58 
58 
94 
33 
41 
56 
79 
92 
Concen. 
ppb 
4.2 
3.0 
2.4 
1.8 
2.0 
4.0 
2.5 
1.9 
1.4 
1.6 
i. Oownwash of pollutants behind the cooling tower 
can occur during unstable conditions but will not cause high 
concentrations beyond property lines as the closest tower 
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will be more than one mile from the boundaries. (Applicant's 
Exhibit 11, P• 7), 
j. In the Dames and Moore (1984) report to the 
EPA, considerably higher concentrations were estimated using 
EPA models (MPTER and COMPLEX). These maxima occurred, 
however, with receptors located at elevations higher than 
the source and assuming that the pollutants did not follow 
the terrain contours but rather continued in a horizontal 
line to the receptor. 
While this situation can occur in a valley during 
stable conditions with a source at the bottom and receptors 
along its sides, Dr. Daniels could not visualize a situation 
at the proposed geothermal area where this could happen. 
During drainage winds the pollutants will rise relative to 
the terrain as more cold air is produced at the ground while 
during trade winds and konas, stable conditions will not 
occur. (Applicant's Exhibit 11, p. 7). 
k. Dr. Daniels concludes that for the proposed 55 
MW plant downwind concentrations will not exceed 5 ppb 
beyond the property boundary during power plant operations 
or stacking when a discrete mean wind direction prevails. 
(Applicant's Exhibit 11, p. 8). 
1. Dr. Daniels also made air quality calculations 
for stagnating wind conditions. (Applicant's Exhibit 11, p. 
9) • 
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m. As concentrations resulting from stacking were 
always lower than those from power plant operations only 
this type of emission was included this time in the 
calculations. 
With cola drainage flow submerging the site, 
stability condition class E (stable) in the Pasquill-Gifford 
classification (Pasquill, 1974) was used. Though there is a 
more stable class, F, the plume rise is considerably higher 
for this class than class E. Therefore, in order to be more 
conservative, class E, which gives higher concentrations, 
was used. (Applicant's Exh. 11, p. 12 and 13). 
As in the previous analyses for non-stagnant 
conditions, the commonly accepted Gaussian diffusion model 
was used. No surface reflection was again assumed as it 
seems likely that pollutants trapped in the vegetation layer 
will not be: refloated under the modelled wind conditions. 
(Applicant's Exhibit 11, pp. 12 and 13.) 
n. From these calculations, Dr. Daniels calculated 
the following concentrations of H2S downwind of a 55 MW 
plant during stagnation periods: 
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Downwind Duration of Wind Speed Concentration 
Distance Stagnation During 
miles hours stagn,, mps ppb 
-------
----------- ----------- -------------
1 4 3 8.4 
2 4 3 8.3 
3 4 2 7.6 
4 4 2 6.7 
5 4 2 5.7 
6 4 2 4.8 
1 8 2 10.6 
2 8 2 10.6 
3 8 2 9.8 
4 8 1 8.7 
5 8 1 8.0 
6 8 1 7.1 
(Applicant's Exhibit 11, p. 13) 
o. Dr. Daniels concluded that concentrations above 
15 ppb would never occur even during stagnant conditions 
from a 55 MW power plant located more than 1 mile from the 
property line during power plant operations - stacking. 
Further, Dr. Daniels concluded that even in the 
very unlikely case that the emissions from two 55 MW plants 
would be in line with each other and the receptor, after an 
eight hour period of stagnation the concentrations would 
not exceed 30 ppb. (Applicant's Exhibit 11, p. 13-14). 
p. James Morrow testified that if 98% abatement 
was used, even for stacking conditions, the 25 parts per 
billion standard would be met under his analysis (Testimony 
of James Morrow Vol. XIII, March 14, 1986, p. 28) and that 
he was aware that new power plants in California are being 
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designed with a bypass system that allows a 98% eft iciency 
to occur (Testimony of James Morrow, Vol. XIII, March 14, 
1986, ~· 29) and that the bypass system can be designed with 
reaundancy in case the initial control system was not in 
proper function. (Testimony of James Morrow, Vol. XIII, 
March 14, 1986, p. 30). 
2. Habitat. Quality and Biolo9y 
2.1 Data Deriyed on Habitat Quality and Biolo9y 
a. The area within and surrounaing the geothermal 
development proJect area is rural, mostly forested with 
vegetation ranging from high quality native vegetation, with 
wet 'ohi'a forest with dense 80% canopy, to lower quality 
vegetation and open areas devastated by lava flows in and 
below the rift zone. Exotic plant species are founa 
generally in all areas except the highest quality, closed 
canopy, native 'ohi'a forest. There is evidence that 
portions of the 'ohi'a forest in the northeast sector of the 
project area have been disturbed by human activity. (FSEIS, 
p. 3 0) • 
b. The lava ecosystem in the Kilauea East Rift 
Zone includes recent, barren flows as well as slightly older 
flows which support a pioneer vegetatio~ There have been 
several studies of plant succession on lava flows in Hawaii 
(Forbes 1912, Clements 1916, Maccaughey 1971, Robyns and 
Lamb 1939, Skottsberg 1941), however, the information from 
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these studies is still only fragmentary. A few intensive 
studies of plant succession have been made at selected 
sites. Doty (1961, 1967) established several study plots on 
the 1955 lava flows. Smathers and Mueller-Dombois (1974) 
conauctea intensive stuaies of succession on ash ana 
pahoehoe at the 1959 Kilauea Iki eruption site. 
The results of these studies show how aiverse are 
the successional stages involved and how ditficult it is to 
generalize etfectively about succession on lava flows. The 
great range of environmental conaitions available have 
produce6 a complex of successional stages. 
From these stuaies it is clear that available 
moisture plays an im!!ortant part in succession. Wnether a 
lava flow occurs in a wet or dry locality will determine how 
rapialy plants are able to colonize it. In wetter areas, the 
development of vegetation is much more rapid. The whitish-
gray lichen, Stereocaulon vulcani, often appears first on 
some lava tlows, however, higher plants such as 'ohi'a 
( .M s;_t_~;gR.i.ll.su;:.QR ,l;;.Q~~.ill.a) an d f e r n s s u c h as s w o r a f e r n 
(Nephrolepis multiflora) may also appear at the same time. 
"Ohi'a is the most common pioneer among the flowering plants 
and may even appear before the lichens. In dry localities 
colonization of lava flows is exceedingly slow. (State's 
Exn. 3, p. 7-8). 
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Lava flows of different ages and climatic exposures 
can be observed in the Kilauea East Rift Zone. The Pu'u O'o 
flows (1983 to present) are completely barren for they are 
too recent and, 
earlier flows. 
in fact, newer flows often pour over the 
(State's Exh. 3, pp. 7 and 8.) 
2.2. Data on Flora in the Proposed Project Area 
a. Existing Conditions 
Results of three recent botanical surveys of Puna 
ana the geothermal project area in particular (Jacobi 1985, 
and Char and Lamoureaux l985a and l985b), show that the area 
consists of a mosaic of different ecosystem types fragmented 
by recent lava flows (Figure 11, FSEIS). Much of these 
lands are covered by wet, pioneer community composed of 
scattered 'ohi'a trees and a dense tangle of uluhe ferns; 
rare or endangered species are usually not found in this 
vegetation type. 'Ohi'a (,Metrosideros collina) forests of 
varying quality are found in the project area. Some of the 
existing forests of these lands have been affected by exotic 
plant species, feral pigs ana cattle, and by human 
disturbances. Char and Lamoureaux (l985b) note that the 
ohia-a(l) and ohia'a(2) ecosystem types, which contain few 
exotic (introduced) plants, are the habitat for many rare 
and/or sensitive-to-disturbance plants as well as bird 
species. These two ecosystem types are generally found in 
the western half of the project area. The ohia-a(l) forests 
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in the GRS are limited to three small stands primarily on 
the western border of the GRS and they are isolated by past 
1 av a flows. On the eastern end of the project area are 
lower quality 'ohi'a forests (ohia-b) with an understory 
layer dominated largely by exotic species such as Malabar 
melastome (.Melastom.a malabathricum), strawberry guava 
(~~j~j~m ~.a~~~~i.an~m) and the introduced swordfern 
(Nephrolepis multiflora). 
The high quality 'ohi'a forests [ohia-a(l)] were 
grouna checked ana correlated with Char and Lamoureaux's 
(1985a) vegetation maps and orthophotoquads. A walk-through 
surve:i method was used to identify the structure and 
composition of the plant communi ties. Species iaentif ica-
tion were made in the field. Plants which could not be 
positively identified were collected for later determination 
in the laboratory and herbarium. 
The 'ohi'a forests of the proJect area can be 
dividea into four different types based on structure, 
associatea plant species, past and present disturbance, and 
the presence of exotic species. These four basic types are: 
(i) Lava flows. 
~·ne most recent lava flows, still largely 
unvegetated, are those from the 1983-85 Pu'u O'o flows which 
are still unvegetatea. There are also 1977 and 1955 lava 
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flows which support early successional stages with scattered 
young 'ohi'a plants and a mixture of common native and 
introduced species. 
(ii) 'Ohi'a-yluhe woodland. 
This is a forest which probably represents a 
later successional stage than (i) above. It consists of 
scattered 'ohi'a trees with an almost continuous carpet of 
uluhe fern. There are a few other native plants such as 
kopiko and 'uki. Introduced species such as malabar 
melastome and bamboo orchid are common. 
(iii) 'Ohi'a forest types. 
These represent still later successional 
stages. Four such types were recognized: 
( 1) .Ill et 'ohi 'a to rest with native species 
( ' obi' a- a ( 1 l l • 
These forests have tall 'ohi'a trees, usually 
more than 30 feet, with a nearly closed canopy. There is a 
subcanopy layer containing a number of native trees, and a 
third layer of hapu'u tree ferns, plus a ground cover of 
ferns and small shrubs. Very few introduced weeds occur 
here. 
(2) .lllet 'ohi'a forest with native species and 
exotic shrybs ('ohi'a-a(2ll. 
These forests differ from 'ohi'a-a(l) by 
containing a large number of introduced species in the shrub 
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and subcanopy layers •. Strawberry guava and malabar melastome 
are the major introduced species. The presence of these 
introducea plants indicates that these forests are more 
highly disturbed than 'ohi'a-a(l) forests. 
(3) 'Ohi'a-kukui forest with mixed native and 
exotic shrubs !'ohi'a-a!3ll. 
This differs from 'ohi'a-a(2) by containing an 
admixture of the kukui, a tree introduced by the 
Polynesians. Other plants found here, such as 'awa and ti, 
suggest that these areas were probably utilized by the 
Hawaiians in former times. 
(4) 'Ohi'a forest with exotic subcano~y and 
shrub layers !'ohi'a-bl. 
These are 'ohi'a forests which have been 
greatly disturbed in the past and in which the subcanopy 
layers consist largely of introduced species. 
The 'ohi'a-a(l) forest is the most intact 
forest type, with the largest component of native species. 
It is the type which will be most sensitive to aisturbance. 
(Applicant's Exh. 17, pp. 2-4.) 
2.3 Data on Endan~ered, Threatened or Rare Plants 
~ There are four identified plant species in the 
proposed geothermal development area which have been listed 
by the U.S. Fish and Wildlife Service in 1980 as either 
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Category 1 or Category 2 candidates listing as endangered 
species. Category 1 species are those for which the Service 
haa on file substantial information on biological 
vulnerability and threat(s) to support the appropriateness 
of proposing to list them as endangered or threatened 
species. Presently, data are being gathered concerning the 
precise habitat needs and, for some of the taxa, concerning 
the precise boundaries for critical habitat designations. 
Category 2 species are those for which the Service had 
information indicating that proposing to list them as 
endangered or threatened species is probably appropriate but 
for which substantial data on biological vulnerability and 
threat(s) are not currently known or on file to support the 
immediate preparation of rules. 
b. Figure 11 in the Final Supplemental EIS is a 
map which shows the distribution of ecosystem types in the 
Niodle East Rift designated Geothermal Resource Subzone. 
Superimposed on this map is the proposed project explora-
tion/development plan. The locations of four proposed 
endangerea/threatened species are also indicated. The rare 
or endangered plant species iaentif ied in the pro] ect area 
are: 
(1) Bobea timonioides or 'ahakea which occurs 
in the GRS, principally in 'ohi'a-a(l) and a(2) forests. It 
is uncommon except for one population in the northwest 
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portion of the subzone in 'ohi'a-a(l) forest. It is a 
Category 1 species. The locations of this plant found in 
the GRS are indicated as •z• on figure 11 of the SEIS. 
(Applicant's Exhibit 17 p. 5.) 
(2) Tetraplasandra hawaiiensis or 'ohe is a 
Category 2 species, which has in recent years been found 
growing w ioely throughout Puna as sea ttered individuals or 
small groups between 100 and 3,100 feet elevations. Its 
range is more extensive than previously believed and it is 
not currently considered to have a high priority for 
1 isting. (Applicant's Exhibit 17 pp. 5-6.) 
(3) A fern, Adenophorus periens, is a Category 
1 species. The principal remaining population is in the 
'ohi'a-a(l) forest to the west and north of the GRS, in 
Kahauale'a and aojacent areas. One sighting of the plant, 
consisting of one clump on a single tree was made by the 
United States Fish and Wildlife Service during its Hawaii 
Forest Bird Survey in the project area (Jacobi, testimony at 
Nov. 15, 1985 contested case hearing). This locality has 
been designated by an "X" on figure 11 of the SEIS. 
(4) Cyanea trito.mantha or 'aku 'aku is also a 
Category 1 species. It was found in an area outside of the 
GRS in the northwest portion of the exchanged lands. While 
it may occur within the GRS, it was not found there during 
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tne biotic surveys. Its location is designated by •y• on 
figure 11 ot the SEIS. (Applicant's Exh. 17, p. 6), 
c. Other rare j,<lant species tound in the pro) ect 
a r e a i n c 1 u de 1 o' u 1 u ( .F.t.i.t~.b.9.t.ll.i.9_l!~~~.9.t.i.lii.D.9) , m a u a 
(Xx-losmLllg.l!laiiense Var. hillibrandii), nanu (Gardenia 
rernyi) and kilioe (Embelia pacifica ) (FSEIS p. 30). 
d. The most sensitive areas in the proposed 
development area are those areas which have been categorized 
as ohia-a(l). Tne next most sensitive are at least parts of 
the forest characterized as ohia-a(2), as those are the two 
areas within which one ~s likely to find such things are 
rare and endangered species. (Lamoureaux, Vol. VI, November 
15, 1985, pp. 101-102). 
2.4 Data on H2S and Plants. 
a. Thompson and Kats did two season-long 
continuous fumigations of cultivated and native plants which 
grow near 'l'he Geysers, California, the largest geothermal 
energy proaucing area in the world. The plants studied were 
alfalfa (tledicogo sativa .I.....), Thompson seedless grapes 
(Vitis vinifera), lettuce (Latuca sativa), sugar beets (~ 
y~~~.9.t.iR), California buckeye (A~R~~~ ~tornica), 
p o n de r o sa pi n e ( .F.i.D~R ll..Q.D.ll~.t..QR.9) , an ci Do u g 1 as f i r 
(Pseudotsuga menziesii) with serial dilutions of H2 s in 
greenhouses with 3,000 ppb, 300 ppb, 100 ppb, 30 ppb or 0 
(control) levels. The highest levels of H2s caused leaf 
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injury, defoliation, reduced growth and death of the faster 
growing species, especially alfalfa and lettuce, and similar 
but less severe effects occurred with 300 ppb. The sugar 
beets, California buckeye, ponderosa pine and Douglas fir 
showea little effects at 300 ppb. With 30 ppb H2 S, lettuce, 
alfalfa, and especially sugar beets showed a pronounced 
stimulation of growth. Less effect occurred at 100 ppb. 
(Applicant's Ex. 9, p. 3, Thompson Tr. Vol. X, February 22, 
1986' p. 94.) 
b. A second study was done by Thompson, et al. 
(1982) to further determine it three major fruit crops, 
grapes, walnuts, and pears were being injured or had the 
..,otential for further injury from H2S emitted by geothermal 
development near The Geysers, California. Hourly monitoring 
data of ambient H2 S levels were obtained from SRI 
International on seven sites near The Geysers. The site 
receiving the highest levels "Anderson Ridge" was selected 
as a model tor test fumigation. In addition, three times 
these levels and amounts of so2 equivalent to these treble 
levels were used for exposures as follows: one-year old 
rooted cuttings of "White Riesling" and "Cabernet Sauvignon" 
grapevines, one-year old "Hartley• English walnuts on black 
walnut rootstocks, and one-year old "Bartlett" pear trees 
gratted on Pyrus betulafolia rootstocks were planted in pots 
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with a soil mix oi silt, sphagnum peatmoss, and perlite to 
which essential elements were added. 
Eight separate greenhouses equipped with air 
concli tioning, gas dispensing lines, air sampling lines, wet-
dry bulb thermocouples, and irrigation systems were divided 
into 4 groups of 2 each. Group 1 received carbon-filtered 
air; group 2, carbon-filtered air plus simulated a 2 s 
concentrations which occur near The Geysers at "Anderson 
Riage," the location which receives the highest measured 
levels of ambient a2 s as recorded by SRI International; 
group 3, carbon-filtered air plus 3 times the Anderson Ridge 
levels; and group 4, carbon-filtered air plus amounts of so2 
equivalent to H2s in group 3. 
The plants were grown from March 1, 1979 and 
fumigatea for 24, 23, and 28 weeks for grapes, pears, and 
walnuts, respectively. In 1980, the fumigations were for 
19, 15, and 17 weeks, respectively. No visible symptoms of 
injury occur red on foliage or other plant parts which could 
be attributea to treatment. None of the parameters measured 
on the 3 truit species showed any statistically significant 
effects caused by the H2S or so2 fumigations over the 
controls. (Applicant's Exh. 9, p. 4-5; Thompson, Tr. Vol. X, 
February 22, 1986, p. 94-96). 
These studies show that fumigation in greenhouses 
for two growing seasons of 2 cultivars of grapes, and 1 
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cultivar each of pears and walnuts, which are grown widely 
near The Geysers are unaffected by the highest ambient 
levels of H2 s that occur in the area and also treble these 
levels or amounts of so2 equal to the threefold levels. 
(Applicant's Ex. 9, pp. 4-5, Thompson, Tr. Vol. X, February 
22, 1986, pp. 94-96.) 
c. These studies emphasize that effects of H2 s on 
vegetation depenci to a great extent on the .amount of the gas 
to which plants are exposed. If rapidly growing species 
receive high atmospheric levels continuously, injury occurs 
but if lower amounts are present, either no effect of a 
possible growth stimulation is noted. How the stimulation 
occurs is not known. Either an aerial fertilization effect 
or direct metabolic stimulation may be occurring. 
(Applicant's Ex. 9, pp. 5-6.) 
a. Based on the results of these studies and Dr. 
Thompson's observation's of vegetation surrounding other 
geother:mal aevelopments, it was his opinion that H2 s at the 
levels anticipated in the project area woulci have no visible 
dilatorious effects of the native vegetation and in fact 
some growth stimulation may occur. (Applicant's Ex. 9, 
p. 7, Thompson, Tr. Vol. X, February 22, 1986, pp. 107-109.) 
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2.5 Data on Fauna in the Proposed Development Area 
L In 1979, the u.s. Fish and Wildlife Service 
conducted a census of native forest bird species found in 
the Puna Forest Reserve and the Wao Kele '0 Puna Natural 
Area Reserve. The information gathered from this survey was 
compiled in the Hawaii Forest Bird Recovery Plan which 
proposed those areas of essential habitat for four (4) 
native forest bird species. Figure 2 of VCA Bxh. 7 shows 
the location of the transects used by the Service during its 
survey in the proposed development area. (VCA Exh. 7, 
Figure 2). 
b. Based on the results of the Hawaii Forest Bird 
Survey and aaditional information received during the 
contested case hearing, seven endemic bird species have been 
sighted in the project area. These bird species are: 
I'o, Buteo solitarius 
Elepaio, Chasiempis sanwichensis 
Omao, Phaeornis obscurus 
Amakihi, Hemignathus yirens 
Apapane, Himatione sanguinea 
Iiwi, Vestiaria coccinea 
Pueo, Asia Teamroeus sandwichensis 
(FSEIS p. 54, Conant, February 18, 1986, Vol. II, pp. 23-24) 
(i) ~. Only one of these seven endemic 
species, the I'o or Hawaiian Hawk, is now classified as an 
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enoangered species. The distribution of the I'o is 
widespread, however, they are found to be a little more 
abunoant in some areas of lower Puna. The I'o is also 
commonly found on the Kona Cost. It is a wide-ranging bird 
which has been found in areas of human disturbance which 
indicates it may not be as sensitive to human disturbance as 
other endemic Hawaiian birds. Although the I'o is fairly 
sensitive to disturbance at the nest site, its nests have 
never been found in the project area. (Conant, Tr. Vol. II, 
November 13, 1985, p. 71; Jacobi, Tr. Vol. V, November 15, 
1985, p. 52; BLNR's DNO, Feb. 25, 1983, p. 4-37, FSEIS p. 
54.) 
(ii) ~. Another endemic species which may 
be seen in the project area is the Pueo or Hawaiian Short-
earea Owl. The Pueo is a permanent resident on all main 
islands of the Hawaiian Chain. The birds occur from sea 
level to at least 8,000 feet on Mauna Loa and Mauna Kea. 
These birds are found to be tolerant of wide climatic 
conditions. The Pueo differs from most other owls in that it 
is diurnal in habit; hence, it is seen much more often than 
the nocturnal introduced Barn Owl (Tyto llll..g). While the 
Pueo is considered endangered on the Island of Oahu, it is 
not classified as endangered on the Island of Hawaii. 
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(State's Exh. 3, p. 74; Conant, Tr. Vol. II, November 13, 
1985, p. 71, FSEIS p. 56.) 
J• Sierra Club witness Conant stated that two (2) 
other species of birds, the A'o, or Newell's Manx Shearwater 
and the Ua'u or Dark Rumped Petrel, which are classified as 
a threatened and endangered species, respectively, may also 
use the project area. However, the only evidence found of 
A'o breeding near the proposed subzone parcel is at 
l<lakaopuhi Crater about 8 miles away where an aault A'o and 
an egg was found in 1972. The only large known nesting 
grounds for the Shearwater are on Kauai. No live colony of 
A'o has ever been found in the project area. There have 
been no reportings or sightings of this particular bird 
species flying over the project area. (Jacobi, Tr. Vol. 
II, November 13, 1985, pp. 147-148; Conant, Tr. Vol. II, 
February 18, 1986, pp. 53-54.) 
k. Mammals known to inhabitat the project area 
include feral pigs (.s.Jls scrofa), feral goats (Capra hircus), 
the small indian mongoose (Herpestes auropunctatus), roof or 
black rat (Rattus rattus), Norway rat (Rattus norvegicus), 
Polynesian rat (Rattus exulans), house mouse (~musculus), 
feral cat (Felis catus) and feral dog (Canis liuniliaris). 
(FSEIS p. 31.) 
1. The only endemic land mammal in Hawaii is the 
Hawaiian Bat (Lasiurus cine reus lllDOtus), a subspecies of 
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the American hoary bat. There is no evidence of the 
occurence of this bat in the project area (Tomich, 1969). 
However, residents of nearby subdivisions have reported 
seeing bats (unidentified species) in or near the 
northeastern corner of the project area. (FSEIS, p. 31). 
2.6 Data on Invertebrate Fauna in the Proposed 
Development Area 
a. In the present maJor Hawaiian islands from 
Kauai to the Big Island, slightly more than 500 species of 
an endemic fruit fly, Hawaiian Drosophila, have been 
collected and described. In the University of Hawaii's 
collection are contained another 100 to 300 species of this 
fruit fly which are new and yet undescribed species. While 
Sierra Club's witness, Dr. Kaneshiro, thought there may be 
unique species of Drosophila which may be found in the 
project area, unique species of Drosophila have been found 
throughout all the major islands of Hawaii. (Kaneshiro, 
Vol. II, November 13, 1985, pp. 15-16, 30; Kaneshiro, Vol. 
I, Februar~' 18, 1986, p. 151). 
b. In Dr. Kaneshiro's opinion, the genetic 
processes of evolution in terms of the Drosophila are not 
more dynamic in the rainforest habitat than in dry land 
habitats. However, the older the lava flow or the 
separation or the longer the separation of the species from 
each other, the more likely will be the chances of finding 
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genetic differences, which is why Dr. Kaneshiro and his 
colleagues have studied the kipukas along the Saddle Road 
where the lava flows occurred about 100 years ago so that 
there's been a lot more time for differentiation to occur. 
(Kaneshiro, Vol. II, November 13, 1985, pp. 35-36, 40-41). 
c. Although Dr. Kaneshiro's position was that as 
much of the development area as possible should be kept 
intact for future scientific research, Dr. Kaneshiro 
admitted that to date no such research has been conducted in 
that area cue to a lack of funds and that he did not have 
such funds now to conduct any research there. (Kaneshiro, 
Vol. II, November 13, 1985, pp. 30-31). 
d. Another invertebrate species which is found in 
the project area is the "Happy-face spider.• This 
particular species of spider is found on all of the main 
Hawaiian islands other than Kauai. It is fairly widespread 
on the Big Island ana while it is of iilterest to biologists, 
it is not an endangered species. (Kaneshiro, Tr. Vol. I, 
F'ebruary 18, 1986, pp. 197-198). 
2.7 Geothermal Impacts to Flora & Fayna 
a. Geothermal development will include certain 
activities that create openings in the forest. These 
openings may result in alterations in the light, tempera-
ture, ana the humidity regimes at the edges of the openings, 
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leading to changes in the vegetation. The extent and nature 
of this edge effect may vary with the size of the areas 
cleared. (BLNR Decison and Order Baseline Findings 4.7 .2.1 
HA 3/2/82-1463). 
b. Previously based on recent observations of ola 
lava flows through the Kahauale'a parcel, Dr. Lamoureux had 
estimated that the edge effect would not be more than 50 to 
pert1aps 100 feet in certain areas. However, a recent study 
by Lynaon Webster and J.O. Juvik suggests that the edge 
effect extenas not more than ten feet beyond the edge of the 
road. Tnerefore, the effects of land clearing are not 
likely to extena much beyond the edge of the cleared lands. 
(BLNR's DNO, February 25, 1983, p. 5-7; Lamoureux, Tr. Vol. 
XI, February 23, 1986, p. 77 ana 113). 
c. The proposed development plans call for initial 
development to take place at sites A and B in the eastern 
part ct the subzone in areas tar removed from the most 
ecolosically sensitive sites. The experience gained in 
tnese sites will permit any necessary modifications in 
mitigating measures to be made before development proceeds 
to the more sensitive site E in the northwest corner of the 
subzone. (Applicant's Exh. 17 p. 8.) 
d. The actual amount of development which will 
occur in any single unit for the vegetation mosaic will 
result in the destruction or modification of only a small 
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~art of that unit, and should not interfere significantly 
with the successional and evolutionary roles of that unit. 
(A~~licant's Exh. 17, p. 8). 
e. To ensure that potential impacts on the 
vegetation and biological succession and mosaic pattern of 
that vegetation are minimized to the greatest extent 
practicable, well sites and power plants will~ be locatea 
in tne limitea stanas of ohia-a(l) torest. It is possible, 
however, that geothermal fluia pipelines and associatea 
service roads may traverse ohia-a(l) areas. If this is 
requirea, botanical surveys will be conducted prior to 
construction to limit aisturbances as much as practicable. 
In general, most well sites, power plants, service roads, 
etc., will be constructea in the ohia-a(2), ohia-b, ohia-
uluhe and lava areas. For facilities sited in ohia-a(2) 
areas, botanical surveys will also be conducted prior to 
construction to avoid, whenever possible, the more sensitive 
portions of the forests. It is expected that it will be 
possible to avoia the more sensitive portions of the 'ohi'a 
forests basea on the total land area of the GRS and the 
areas requirea by the project for various uses. Similarly, 
the following recommendations proviaed by Char & Lamoureaux 
(1985b) will also be followed: 
-- Vegetation removal will be minimized and 
carefully limitea only to that which is essential. 
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Sensitive areas will be inspected by qualified biologists 
before construction •. 
If areas in the Conservation Zone need to 
be revegetated, then only native species found in the area 
will be used. No exotic species will be brought into the 
area. (FSEIS pp. 50-51) 
f. Dr. Kaneshiro agreed with the Applicant's 
recommenaation to have qualified biologists conduct a survey 
of the invertebrate fauna in those areas to be aeveloped 
l,irior to any clearing activities. Such a survey would 
minimize the affect of the proposed project on the 
invertebrate species found there. (Kaneshiro, Tr. Vol. I, 
February 18, 1986, pp. 146-148). 
g. In terms of the Drosophila fruitfly in Dr. 
Kaneshiro's opinion it would be better to have the 
development project located on the lava flows instead of in 
the forest. (Kaneshiro, Tr. Vol. I, February 18, 1986, p. 
198) • 
h. The noise from geothermal development may 
impact the fauna in the immediate area as studies have shown 
that animal behavior may be affected by excessive noise. 
The literature cites potentially negative effects from loud 
impulsive sounds, e.g. sonic boom; but none from the 
essentially continuous noise that animals will experience 
from geothermal operations. To date, levels of noise have 
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not been iaentified to protect animals as has been done for 
humans. However, if further information is obtained which 
shows that farm animals or specific animal species protected 
by current law are being adversely affected due to noise 
levels from the proJect, then efforts will be made to reduce 
noise levels to mitigate the impacts on such animals. 
(Applicant's Exh. 12, p. 8-9). 
3. Clearing and Access 
a. The total land area to be cleared in 
construction of roads, drill sites, power plants, and 
transmission lines will be about 300 acres, approximately 1 
percent of the total area of the land parcel in which the 
proposed project is planned. Development will not be 
concentrated in one site or in one flora community type, and 
will avoid, as far as possible, those areas of mature forest 
which are the most important sources of plants and animals 
for completion of the successional process. The dispersed 
nature of the development will mean that no single 
successional stage will be disturbed in more than a small 
percentage of the total area it occupies. (FSEIS p. 50). 
b. The primary access road into the project area 
will be via State Road 130 to Pahoa By-Pass, North of Pahoa, 
to South Road and then to Middle Road in the Kaohe 
Homesteads (Figure 5 of the FSEIS). From the boundary of 
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the state land, the access road would proceed to 
Exploration/Development Area "A" to the first drill site 
north of the center line of the rift zone. (FSEIS p. 16) 
c. A secondary access road planned via State Road 
130 to a county road approximately 3 miles south of Pahoa 
leaaing to the cinder pit south of Iilewa Crater. From the 
end of the county roaa, the access roaa into the state 
agricultural ~arcel (TMK 1-2-10:1) would proceed through 
AMFAC land (TMK 1-3-01:07), subject to the granting of an 
easement to Exploration/Development Area "B" on the south of 
the center line of the rift zone. An emergency exit road to 
the south from the center of the GRS (Exploration/Develop-
ment Area "D") is planned for the route shown connecting 
with the western end of the county road leading to Route 
130. (FSEIS pp. 16-17) 
d. Service roaas (20 ft. width) and transmission 
pipelines (aajacent to service roads in a 10-ft. corridor) 
will be constructed between wells and power plants. (FSEIS 
p. 16) 
e. For planning purposes, five exploration/devel-
opment (E/D) areas have been selected. Each area has three 
~rimary drilling sites planned (for a total of 15 sites) 
connected by access/service roaas. Allowing for estimates 
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of nonproducible wells, a total of 35 individual drilling 
sites within the five E/D areas may ultimately be required 
to produce 100 MW of electricity. The drilling sites will 
occupy fron, 2-3 acres. If directional drilling is 
technically and economically feasible, up to six 
exploration/development wells may be drilled from one or 
more drilling sites. (FSEIS p. 14) 
f. Power plant sites will be located at a drilling 
site or within two miles of the furthest well site supplying 
steam to the plant. Pending successful well field 
aevelopment, five tentative power plant locations are shown 
in Figure 5. Power plants will vary in size from 5 MW to 55 
MW. The area needed for a power plant will vary from 5 to 8 
acres depending on the size/capacity of the plant. 
g. The proposea project area presently is 
basically comprised of basalt rock, pahoehoe and aa lava 
flows, scrub growth with some forested areas (Tr. Vol. IV, 
February 19, 1986, p. 8; Applicant's Ex. 2, p. 2). 
h. Although geologic hazards such as lava tubes 
and ground cracks are expected to be encountered in the 
construction of the road, Applicant's contractor has 
previous experience with dealing with such obstacles and 
does not believe there would be a problem in the 
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construction of the road (Tr. Vol. IV, February 19, 1986, 
pp. 26, 31-32). 
i. The initial access road from the Kaohe 
Homesteads entrance to E/D area up to drill site 3 has been 
valiaated by ground survey by Applicant's contractor (Tr. 
Vol. IV, February 19, 1986, pp. 9-10; Applicant's Ex. 2, 
p. 2). The estimated cost per mile for the construction of 
the road is from $50,000 to $60,000 (Tr. Vol. IV, p. 13). 
Based on the walkthrough survey and Applicant's contractor's 
knowledge and experience with building roads in the general 
area, it is possible and feasible to construct the necessary 
roads in the project area as designated on Applicant's 
development plan Exhibit 1-A (Tr. Vol. IV, February 19, 
1986, p. 8, Applicant's Ex. 2, p. 2). 
J. It is expected that between 10-15 construction 
workers will be needed in the building of the roads for the 
proJect area (Tr. Vol. IV, February 19, 1986, p. 29). 
Applicant's contractor foresees no problems with having a 
botanist in the field with the construction workers when the 
alignment is set for the network of roads (Tr. Vol. IV, 
February 19, 1986, p. 26). 
4 Surface Waters 
a. Geothermal development activities should not 
directly affect existing land uses since there are no known 
surface streams in the recommended area. (DOWALD Exh. lO,p. 
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12; BLNR Decision and Order; Baseline Finding 4.1.2, CDUA 
No. HA 3/2/82-146 3). 
b. Following initial development of the geothermal 
resources, the production of potentially valuable associated 
geothermal products, demineralized water and mineral salts 
could have beneficial environmental consequences. (DOWALD 
Exh. 10, p. 12). 
c. The normal disposal practice of geothermal 
fluicis is expected to be reinjection, thus avoiding any 
adverse affects on surface water. (DOWALD Exh. 10, p. 12). 
a. Discharge of geothermal fluids upon the land 
surface during limitea well testing operations will not 
produce a cietectable effect on groundwater resources in the 
Puna District due to the high recharge rate by meteoric 
water in the area estimated at 4.2 million gallons per day 
per square mile and the natural emissions of thermal fluids 
from the rift zone estimated to be 1.4 million gallons a ciay 
into the basal aquifer. Current experience at HGP-A 
inciicates that surface disposal of 150,000 gallons per day 
of geothermal fluias over a period of one year has had a 
lesser impact on nearby groundwater quality than normal 
rainfall variations. (BLNR Decision and Order; Baseline 
Finding 4.1.3, CDUA No. HA 3/2/82-1463). 
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5. Groundwater Hydrology 
a. The hydrology of the Puna District is not well 
established. The general hypothesis, as in other parts of 
the Hawaiian islands, is that the area is an underground 
lens of basal fresh water floating on salt water, with a 
relatively narrow band of dike - confined water (not 
floating on salt water) running across the southern part of 
the District, ana with a coastal zone of brackish basal 
water west of Kalapana. Underlying the rift zone area, the 
groundwater would be brackish and warm or hot, (BLNR, 
Decision and Order; Baseline Finding 4.1.2, CDUA No. HA 
3/2/82-1463). 
b. The groundwater resources of the Puna Distict 
occur in both confinea and unconfined aquifers. The general 
theory is that the freshwater lens floats on salt water. 
This is based on the Ghyben-herzbeg concept which states 
that the lower aensity fresh water rests on the higher 
density salt water. The rule is that for each foot of 
fresh water above sea level, the fresh water extends 40 feet 
below. An allowance must be made for a mixing or transition 
zone. (BLNR Decision and Oraer; Baseline Finding 4.1.2, 
CDUA No. HA 3/2/82-1463). 
c. It appears that, in the Kilauea East Rift Zone, 
the hydrology is somewhat unique. The geothermal 
reservoir's thermal and permeability properties allow fluids 
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to rise near the surface and to be mixed very rapidly 
through the geothermal system. In addition, as the result 
ot vertical diking and fracturing that run east and west, 
there is high permeability in vertical and east-west 
directions; this causes damming or redirection of ground-
water flow. A high head of water exists north of the rift 
zone, whereas to the south of the rift zone, the ground 
waters are at or near sea level. (BLNR Decision and Oraer; 
Baseline Finding 4.1.2, CDUA No. HA 3/2/82-1463). 
d. Reinjection of plant effluent is plannea for 
all .-ower plants. The location and depth of reinjection 
zones will be determined prior to final development. In 
most fracture dominated reservoirs, the injectea water 
travels downward until it is reheated. To take maximum 
advantage ot the heat in the Rift Zone, injection is planned 
as deep as possible and as close to the center of the Rift 
Zone as possible. This plan also avoids the possibility of 
tresh water contamination. (Applicant's Exh. 18, pp. 8-9.) 
6. Air Oyality 
6.1 Air Sampling Methods 
a. There are several different air quality 
standards: The emission rate is defined as the compound 
that is emitted from a geothermal power plant measurea at 
the point of discharge in terms of weight such as pounds, 
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grams, or kilograms over a unit period of time. The ambient 
concentration of a particular emission is the amount per 
volume in the air in the environment outside the geothermal 
plant. The ambient air is what is breathed in the 
environment ana the ambient concentration is the amount of a 
particular compound in the air being breathed. 
b. Extensive baseline air quality monitoring has 
been conducted and air sampling has been taken over an area 
encompassing the entire Kilauea East Rift zone extending 
from the summit of Kilauea Volcano to Cape Kumakahi. 
(Applicant' & Exh. 4, p. 1). 
c. Two years of baseline monitoring for the 
Kilauea Rift Zone area as a whole has been conducted by the 
State Department of Planning and Economic Development. One 
year of monitoring in and around the Kahauale'a geothermal 
proJect area has been conductea by the True/Mid-Pacific 
Geothermal Venture. One year of baseline monitoring has 
been conducted along the borders of the Hawaii Volcanoes 
National Park and Kaha u ale' a by the u.s. Na tiona! park 
Service. (Applicant's Exh. 4, p. 1). 
d. An air quality study was condu ctea by the 
True/Mid-Pacific Geothermal Venture which had monitoring 
stations within and adjacent to the proposed project area in 
the Kilauea Middle Rift Zone. This study was conductea to 
insure that the air quality within the present project area 
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was consistent with the surrounding areas and that there was 
an absence of air quality peculiarities in the proposed 
project area. (Apf;licant'& Exh. 4, p. 2). 
e. Studies were made to assure that the air 
quality base taken for areas uprift and downrift of the 
Kilauea middle rift was relevant ana applicable to assessing 
the air quality conditions in the middle rift. It was 
concludeei that there was no difference in the air quality 
conditions in the middle rift from the upper and lower rift. 
(Testimony of James Houck, Vol. VII, November 21, 1986, p. 
117.) 
f. Based upon the extensive data sets generated by 
the baseline monitoring programs, miscellaneous previous 
scientific studies which have been published in the open 
literature, ana environmental monitoring which has been 
conductea in relation to geothermal development in the 
Pohoiki Road area, the air quality in the prof;osed project 
area in the Kilauea Middle Rift Zone has been accurately 
described. (Applicant's Exh. 4, p. 2). 
g. There is an overwhelming amount of 
environmental air quality data on the Kilauea East Rift Zone 
and there is adequate and sufficient data around the Kilauea 
Middle Rift Zone. (Testimony of James Houck, Vol. VII, 
NoveJaber 21, 1986, p. 129, 130.) 
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h. u.s. Environmental protection agency gu~delines 
pertaining to air quality sampling were followed except 
where technically appropriate refinements were made to 
monitor low concentrations of the air quality sample. U.S. 
EPA guiaelines were followed regarding the selection and 
calibration of air quality monitoring instrumentation. 
(Testimony or James Houck, Vol. VII, November 21, 1986, p. 
118) • 
i. The concentrations and characteristics of the 
key air quality parameters have been well documented in the 
air quality work. These findings are relatea to (a) 
atmospheric particles, (b) sulfur dioxide gas, (c) hydrogen 
sulfide gas, (d) rain water chemistry, (e) mercury vapor, 
ana (f) raaon activity. (Applicant's Exh. 4, p. 2). 
Atmospheric Particles 
J. The atmospheric concentration of particulate 
material is low in the project area as compared to mainlana 
values and u.s. Environmental Protection Stanoaras. 
(Applicant's Exh. 4, p. 2). 
k. Total suspended particulate (TSP) values were 
calculated from over one hundred fifty high-volume samples 
collected at ten (10) locations along the Kilauea East Rift 
Zone over the course ot two and one-half years. The values 
calcul<.ted were very low tor all monitoring sites and was 
founa to be less than two-tenths of the U.S. EPA standard 
-108-
for the monitoring site nearest the project area. 
(Applicant's Exh. 4, pp. 2, 3.) 
1. Respirable and inhalable particulate concen-
trations are also low on the Kilauea East Rift zone as 
compareo to u.s. mainland values and the U.S. EPA standard 
for those particulates. OVer fifty respirable and over 
fifty inhalable samples were collected and analyzed from two 
monitoring sites (Upper Lelani Subdivision and Volcano 
Village) over a year perioo. (Applicant's Exh. 4, p. 3). 
m. The average respirable and inhalable values 
at the monitoring site nearest the proposed project area 
(Upper Leilani Subdivision) were approximately one-tenth 
(1/10) and three-tenths (3/10), respectively, of the average 
values obtained from seventeen non-urban mainland monitoring 
sites maintainea by the u.s. EPA and the Electric Power 
Research Institute (EPRI). (Applicant's Exh. 4, p. 3). 
n. In addition to high-volume total suspendeci 
particulates, respirable ana inhalable samples, particulate 
material was also collectea with low-volume and solar-
l'owered equipment. OVer four hundred such samples were 
collected and analyzed at twenty-three different sites along 
the Kilauea East Rift Zone during a two ana one-half year 
period. The results obtained from th~:: samples collected in 
and near the proposea project area were typical of samples 
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collected along the rift zone in general. 
4 1 P• 4) • 
(Applicant's Exh. 
o. The impacts of sea salt aerosols, geological 
material (dust and volcanic tephra), volcanic fume and 
phosphorus contained in organic compounds could be detected 
in the samples collected within the proposed project area. 
Particular samples collected nearer the ocean show a higher 
sea salt impact; samples collected near and/or downwind of 
volcanic vents show a higher volcanic impact; and those 
collected near roads show an impact due to vehicular 
exhaust. (Applicant's Exh. 4, p. 4). 
p. The inorganic (geological material, volcanic 
i:umes) content of samples collected on the Kilauea East Rift 
Zone is only a fraction of the total mass which is 
inaicative of the high impact of organic compounds that 
originate from plant spores, pollen, vegetative fragments 
ana combustion sources. Samples collected within the 
proposed project area reveal that on the average, 37% of the 
total particulate mass i.s from sea salt, 55% is from 
vegetative material, 5% is from dust and 3% is from volcanic 
sources. (Applicant's Exh. 4, p. 5-6). 
q. The impact of volcanism and eruptions is 
episodic and overall annual means are not particularly 
illustrative in assessing the volcanic impact on air quality 
levels. During the nearly two and one-half years of 
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baseline monitoring, there were 30 phases of the current 
Kilauea eruption series and a rare eruption of Mauna Loa. 
During the first year of the study conducted by the State 
Department of Planning and Economic Development, high and 
low volume samplers were simultaneously operated at a lower 
rift zone site (Upper Leilani Subdivision) and at an upper 
rift zone site (Hawaii Volcanoes National Park Visitor 
Center). By comparing the average values of samples taken 
during the active volcanism and during periods of no 
volcanic activity, it was concludea that volcanic activity 
did not significantly contribute to atmospheric particulate 
level& in the lower rift zone, but it did have an impact in 
the upper rift zone area. (Applicant's Exh. 4, p. 5.) 
Sulfur Dioxide 
r. Sulfur aioxide (S02 ) gas was considered as a 
high priority for baseline monitoring since it occurs at 
relatively high concentrations in volcanic fumes and is also 
proauced by a number of industrial activities (Applicant's 
Exh. 4, p. 7) 
s. Approximately 17,000 hours of continuous so2 
monitoring has been conductea at eleven different locations 
and 132 integrated multi-day samples have been collected at 
ten locations along the Kilauea East Rift Zone. 
(Applicant's Exh. 4, p. 7). 
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t. During the majority of time, the atmospheric 
concentration of so2 in the proposed project area can be 
expected to be below several tenths of a parts per billion 
by volume (ppbv). (Applicant's Exh. 4, p. 7). 
u. During the majority of time, the atmospheric 
concentration of so2 in the proposed project area can be 
expected to be below several tenths of a ppbv. However, 
during periods of vigorous volcanic activity, during periods 
of unusual meteorological conditions (winds from the 
southwest), episodic periods of high concentration may 
occur. Due to the short episodic nature of the high 
concentration S02 events, the U.S. EPA arithmetic annual 
mean (30 ppbv) is not likely to be approached in the 
proposea project area. While the u.s. EPA standard for so2 
is never likely to be approached in the atmosphere above the 
proposed proJect area, the twenty-four hour standard (140 
ppbv) may be, if volcanic and meteorological conditions are 
right. (Applicant's Exh. 4, p. 8.) 
v. The K1lauea volcano normally (non-eruptive 
state) emits 200 tons a dal' of sulfur dioxide and the 
contribution of sulfur dioxide from the proposed project at 
full development would only be a fraction of 1 percent of 
the amount (BLNR Decision and Order: 
4.4.1.1, CDUA, No. HA 3/2/82-1463). 
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Baseline Finding 
w. Acid rain is not only the result of hydrogen 
sulfide or sulfur dioxide emissions. Other emissions such 
as nitrogen oxides and halide acids are also necessary for 
acia rain to be produced. In comparing the biomass and the 
oil-fired plants, their emission rates in terms of grams per 
hour are far higher for sulfur oxides and nitrogen oxides 
under current new source performance standards than for 
geothermal emissions. (BLNR Decision and Order: Baseline 
Finding 4.4.1.1., CDUA No. HA 3/2/82-1463.) 
x. The threat of production of acid rain from 
geothermal proJect operations and sulfur dioxide emissions 
can be controlled through the use of an abatement system 
developeo by the DOW Chemical Corporation. The abatement 
system scrubs any sulfur dioxide produced in the process 
with an alkaline solution which is mixed with plant cooling 
tower water. Thus, no sulfur dioxide is released to the 
atmosphere. (Applicant's Exh. 18, 1>· 11). 
Hydrogen Sulfide Gas 
y. Hydrogen sulfioe (H2Sl gas was considered as a 
high 1>riority pollutant for baseline monitoring since it is 
the most problematic emission associated with the geothermal 
inaustry. 
and it 
It occurs at low concentrations in volcanic fume, 
can 
respiration. 
be producea biologically 
(Applicant's Exh. 4, p. 9). 
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by anaerobic 
z. During the baseline studies, approximately 
17,000 hours of continuous H2S monitoring have been 
conduct eo at eleven different locations, 132 integrated 
multi-day sample& have been conducted at eleven different 
locations and 132 integrated multi-day samples have been 
collected at ten locations, and 275 passive H2 S monitors 
were placed at 36 locations along the Rift Zone. An 
extensive H2S monitoring network has been maintained in the 
vicinity of the geothermal development area along the 
Pohoiki Road for a number of years (HGP-A). (Applicant's 
Exh. 4, p. 9). 
aa. During the majority of the time, the atmos-
pheric concentration of H2 S in the project area can be 
expectea to be below several tenths of a ppbv. Very 
infrequently concentrations as high as 10 to 20 ppbv might 
be reachea. As with S02, these high values would be due to 
the impact of volcanic fume and be episodic and short-
lasting in nature. (Applicant's Exh. 4, p. 9). 
bb. Occassionally, H2S concentrations on the order 
of several ppbv may be reached in the project area aue to 
anaerobic respiration. Water-logged, organic-rich soils 
such as occur in the Puna oistrict make ideal conditions for 
the production of H2 S by anaerobic respiration. To the 
north of Pahoa, a large relatively recent pahoehoe flat is 
located. During the monitoring, which was conducted in and 
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adjacent to the proposed project area, low-level 
concentrations of H2S ostensibly from anaerobic respiration 
were measurea on this pahoehoe flat. This area is very 
extensive and is upwind of the project area under normal 
traae wino conditions. (Applicant's Exh. 4, p. 8, 9). 
cc. However, it should be emphasized that based on 
the results of multi-day samples and the 275 passive 
monitors, hourly means H2 s values are not likely to exceed 
the several tenths to several ppbv levels due to natural 
sources (either volcanic or biological), and standard values 
such as the one hour California state standard of 100 ppbv 
will never be approached. (ApJ,>J.icant's Exh. 4, p. 9). 
ad. The results of the baseline air quality 
studies along the Kilauea East Rift Zone show that in most 
places, the ambient concentration of hydrogen sulfide is 
less than 0.5 .,arts per billion and any geothermal 
development activities would not be adding to a large 
existing concentration of natural hydrogen sulfiae. 
(Testimony of James Houck, Tr. Vol. VII, November 21, 1986, 
p. 127.) 
Mercury Va~or 
ee. Numerous mercury vapor measurements have been 
made on the Rift Zone. Reported total mercury vapor 
(elemental, organometallic, ana haliae) values typically 
-ll5-
range from several ng/n:3 to several hundred ng/m3. 
Temporal, spatial, and analytical differences are probably 
resJ:ionsible for the range in values. (Applicant's Exh. 4, 
p. 13) • 
tf. Two opposing factors control mercury vapor on 
the Kilauta East Rift Zone. The unpolluted atmosphere above 
the open ocean (i.e., trade winds) have a very low mercury 
content (few tenths to one ng/m 3). Volcanic fume, on the 
other hand, can contain hundreds to tens of thousands of 
ng/m3 of mercury. The degree of volcanic activity, the 
location of a given sampling site with respect to vents 
and/or geological features, and the meteorological 
conaitions during sample collection can all alter the 
observea atmospheric mercury concentration. It should also 
be emphasized that the measurement of any gas to the 
nanogram per cubic meter range should be viewed cautiously, 
and the values reported should probably be consiaered order 
of magnitude values at best. (Applicant's Exh. 4, p. 13). 
gg. The site specific average values for 56 
mercury samples collected at nine locations during the 
environmental baseline studies conductea on the Rift Zone 
between February 1984 and March 1985 ranged from 3 to 7 
ng/m3. The range of values obtained from 463 samples 
collected between 1977 and 1982, Siegel, B.Z. and Siegel, 
S.M., (Baseline Mercury Levels in Puna District, Hawaii 
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County, Report to Hawaii Natural Energy Institute, 1984, p. 
39) along highway 11 from Kea'au to Volcano Village was from 
50 to 200 ng/m3• The degree to which the differences 
between the two data sets are due to temporal and spatial 
effects and the degree to which the differences are related 
to analytical methodologies cannot be determined at this 
time. The combined data sets illustrate the range of 
mercury values which can be reasonably be expected in the 
atmosphere above the project area and clearly show that 
these level& are aramatically lower than occupational Safety 
and Health Administration (OSHA) work place maximum level is 
100,000 ng/m3. (Applicant's Exh. 4, pp. 14, 15). 
gg. Ten elemental mercury vapor samples were also 
collected along the Kilauea East Rift Zone curing 1983. The 
range o:t values was 4 to 45 ng/m3, which falls between the 
typical values for the two total mercury vapor aata sets. 
(Applicant's Exh. 4, p. 15). 
hh. It has been suggestea that mercury haliaes 
(chlorides and fluorides) constitute the largest fraction of 
atmospheric mercury vapor. This seems unlikely as the 
mercury content of over six hundred particulate samples were 
measured by x-ray fluorescence spectrometry, and the highest 
value ever measurea along the Rift Zone was 4 ng/m 3 • 
(Applicant's Exh. 4, p. 15) 
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ii. Atmospheric mercury concentrations can be 
·~xpectea to very low above the proposed project area and 
:iramatically below standard values. There is some 
disagreement as to the absolute atmospheric concentration 
level and the chemical form of the mercury f-rimarily due to 
the very fact that its atmospheric concentration is so low 
as to cause it to be difficult to measu~:e accu~:ately. 
(Applicant's Exh. 4, p. 16). 
Jj. Whether mercury poses a toxic hazard or not 
must be considered and given a pe~:spective in ~:elation to 
the natural background levels of that element. Soil levels 
can be in the range of 30 to 90 ppb (parts per billion) and 
rain water 0.1 to 0.3 micrograms per liter. The levels of 
less than 0.1 microgram per liters in the geothermal brines 
are in fact local background levels. Additionally, mercury 
is not expectea to be found in any detectable amounts from 
the cooling towers. (BLNR Decision and Order: Baseline 
Finding 4.4.1.1., CDUA No. HA 3/2/82-1463.) 
Radon Activit:t 
kk. Radon-222 is a radioactive gas naturally 
formeo from the decay of radium containeo in geological 
materials. Radon-222 has a 3.8 day half-life and ciecays via 
an energetic alpha particle. Two of its daughter products 
(Polonium-218 and Polonium-214) also have very short half 
lives (3.0 minutes and 1.6 x l0-4 seconds respectfully), ana 
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also decay by energetic alpha particles. 
4, pp. 16, 17). 
(Applicant's Exh. 
11. Due to the radioactivity of Raaon-222 and its 
daughter products, and the fact that Radon-222 is a gas 
which can be inhaled, high Raaon-222 concentrations are 
injurious to human health. (Applicant's Exh. 4, pp. 16, 
17) • 
mm. Two opposing factors control the atmospheric 
radon content in the proposed project area. High radon 
emission rates are associated with volcanic areas. 
Conversely, air above the open oceans such as constitutes 
the traae winds, has a very low radon activity (estimated 10 
pCi/m3). (Applicant's Exh. 4, p. 17). 
nn. A total of fifty-eight passive radon monitors 
were located at sixteen different sites along the Kilauea 
East Rift Zone during the two and one-half years of baseline 
monitoring. (Applicant's Exh. 4, p. 17). 
oo. The typical radon activities characteristics 
of the Kilauea Middle Rift Zone are between less than a 
tenth to approximately a sixth of the California standard of 
3,000 pCi/m3. The values within the proposed project area 
appear to be representative of the Kilauea East Rift zone in 
general. (Applicant's Exh. 4, p. 19). 
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pp. Radon exists in the reservoir at The Geysers 
geothermal area and when the steam comes out of the 
reservoir, it sweeps the radon along into the power plant 
conversion and abatement system. Radon follows the non-
condensable gases through the hydrogen sulfiae abatement 
system ana is then vented through the cooling tower and is 
mixed with a much larger volume of atmosphere. The mixing 
of the small volume of radon with a large volume of air that 
goes through the cooling tower causes the radon to not 
accumulate in the environment but to maintain a constant 
level as an equilibrium in which the concentration 
stabilizes. Equilibrium means a state of constant quantity 
where the amount of formulation and the amount of decay or 
destruction of the radon are equal so that a constant amount 
is maintained at any one time. (BLNR Decision and Order: 
Baseline Finding 4.4.1.1., CDUA No. HA 3/2/82-1463.) 
Boron 
qq. No substantial amounts of boron appear in the 
ambient air. In the case of geothermal development, boron 
would not be released to the air, but would stay in the 
1 iq ui d phase at the abatement system separator and be 
returned to the steamfiela and would not go through the 
turbine where it could be released into the atmosphere. 
Boron woula be reinjected and under proper precautions, 
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would not escape during the reinjection. (BLNR Decision and 
Ortler: Baseline Finding 4.4.1.1., CDUA No. HA 3/2/82-1463.) 
Rain Water Chemistry 
ss. The chemical composition of rain water is an 
important parameter to examine on the Kilauea East Rift zone 
for three primary reasons: (1) rain •scrubs" the atmosphere 
of pollutants and by acing so, becomes contaminated with 
them, (2) acid gases and mists emitted by volcanoes will 
proauce •acid rain, • the deleterious impact of which is a 
topical issue, and (3) many residents along the middle rift 
zone use rain water catchment as a source of drinking water. 
(Applicant's Exh. 4, p. 10). 
ss. During the period from December 1982 through 
~larch 1985, some fifty-five rain water samples were 
collected and analyzed for the various environmental 
baseline studies which were being conducted. In addition, 
some catchment water in the vicinity of the geothermal 
development areas along Pohoiki Road has been tested and 
several scientific studies have examined the rain water 
chemistry on the Island of Hawaii. (Applicant's Exh. 4, p. 
11) • 
tt. Tnree maJor factors influence rain water 
chemistry along the rift zone: (1) aLL rainfall in Hawaii 
has the tendency to be slightly aciaic due to the long range 
tranE>port of pollutants from industrialized mainland areas, 
-121-
(2) volcanic fume locally acidifies rain and impacts its 
chemical composition, and (3) sea salt aerosols make rain 
less acidic due to their bicarbonate content ana also im~act 
the chemical composition of the rain. Calcium (Cal, 
magnesium (~!g), potassium (K), sodi urn (Na), strontium ( Sr), 
chloriae (Cl-), and sulfate (so2-l are major constituents of 
sea salt and are the principal chemical species seen in rain 
water samples collected within the proposeO. project area. 
Aluminum (Al), calcium, iron (Fe), manganese (Mn), 
potassium, and silicon (Si) are maJor constituents of 
geological material such as comprises volcanic tephra. 
Sulfate, chloriae, and fluoriae (F-) are contained in 
volcanic fume. The elements and anions associated with 
volcanic fume and tephra have been seen in samples collected 
downwina of volcanic vents (e.g., along the Chain of Craters 
Road downwind of Pu'u O'o). (A~plicant's Exh. 4, p. 11). ) 
uu. The impact of sea salt is elevation-dependent 
on the Island of Hawaii. Using the sodium concentration 
measurea ir• samr.des collected for the baseline studies and 
in samples collected in a previous study (Simpson, H.J., 
1972, Aerosol Cotiens at Mauna Loa Observatory, J. Geophys. 
Res., v. 77, p. 5266 - 5277), the decrease in the impact of 
sea salt with elevation was graphically illustrated. 
Rainfall collected at the elevations found in the proposed 
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project area has a clear sea salt com~onent, with the lower 
elevations having a larger impact than the higher 
elevations. (Applicant's Exh. 4, p. 11). 
vv. The impact due to volcanism is also elevation-
de1-endent mainly because the major volcanic vents and 
fumaroles are above 2,000 feet. Using pH as an indicator of 
volcanic impact, the large increase in volcanic impact at 
about that elevations and above could be concluded from the 
sampling. Based on the data collected along the Kilauea 
East Rift Zone, rainfall in the very highest elevation 
portions of the pro1-osed project area should show the impact 
of volcanism both in its chemical composition ana pH. 
However, in regards to the volcanic impact on rain water 
chemistry, the same caveat must be consiaered as with the 
volcanic impact seen in atmospheric particles and gas. 
Under unusual meteorological conditions, during periods of 
ver::t active volcanism, the regions which are affected by the 
volcanic pollutants will change. (AFplicant's Exh. 4, p. 
11). 
6.2 Geothermal Gas or Stearn Emissions Data 
a. Determinations of the exact nature of the 
geothermal gas or steam emissions expected to be released 
into the atmosphere is a product of (1) the current ambient 
air levels, (2) the effect of various monitoring and abate-
ment programs, (3) the size and nature of geothermal 
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production operations, and (4) the relative presence or 
absence of volcanic emissions occurring naturally in the 
pro)ect area. (BLNR Decision and Order, Baseline Findings 
4.4.2.1 CDUA HA 3/2/82-1463). 
b. How effective the various monitoring and 
abatement programs will be is a function of the size and 
nature of the geothermal operations, the composition of the 
geotnermal fluids, the state of the technology, and many 
relatea factors. (BLNR Decision and Order, Baseline 
Findings 4.4.2.1 CDUA HA 3/2/82-1463). 
c. Tne gas or steam phase from a geothermal well 
will contain carbon dioxide, hydrogen sulfide, nitrogen, 
hyarogen and traces of several other gases including raaon. 
Of these, concern has been expressed about the hydrogen 
sulfiae and raaon. RADON: The amount of raaon in the 
reservoir fluid from HGP-A is 1.82 nanocuries per kilogram 
of steam, or 1,820 !:Jicocuries per liter. (BLNR Decision and 
oraer Baseline Findings 4.4.2.1 CDUA HA 3/2/82-1463). 
a. HYDROGEN SULFIDE-STANDARDS: 
(i) Currently, the State's Department of 
Health Ambient Air Quality Regulations do not set standaras 
for hydrogen sulfide and mercury. California's ambient 
standard for hyarogen sulfiae is .03 ppm. There was 
testimony that most states and countries around the world 
have stricter standards for hydrogen sulfiae compared with 
-124-
California's or Campbell's proposed standard of ,03 ppm. 
The Air Quality Advisory Commission's report to the 
Department of Health suggests an ambient air quality 
stanaara for hydrogen sulfiae of .1 ppm, one hour average, 
It also recommends that no degradation of existing air 
quality exceed .025 ppm above current baseline levels. 
(BLNR Decision And Order: Baseline Finding 4.4.2.1 CDUA No. 
HA 3/2/82-1463,) 
(ii) Some toreign countries have established 
more stringent hydrogen sulfide standaras, but they are 
never enforcea. They are probably not worth the paper they 
were written on. It looks good politically for them to do 
so. (Testimony of Bruce S. Anderson, Vol. VI, February 20, 
1986, p. 73). 
(iii) Mr. James Morrow is satisfied with the 
pro~osea H2S standaras pro~sed to the Department of Health 
as they are fair and can be lived with by both the 
aevelo..,ers ana surrounding communities. (Testimony of James 
Morrow, Vol. VI, February 20, 1986, ~· 118,) 
(iv) Accoraing to James Morrow, the proposed 
standaras for H2S are pretty stringent standards and if 
followed, there will not be too much of an odor problem. 
(~'estimony of James Narrow, Vol. VI, February 20, 1986, p. 
140) • 
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6.3 ConseQuences of Air and Toxicology Data and Methods 
a. The emissions of sulfur, mercury, and other 
volcanic gases are a continuous process at Kilauea, the rift 
zone, and the aajacent forest and its inhabitants have long 
been exposed to lower levels of these potentially toxic 
emissions and intermittently to higher levels. Exposure to 
significant levels of geothermal gases are part of the norm 
for native Hawaiian plants and animals. (CDUA Baseline 
Finaings 4.4.3. HA 3/2/82-1463). 
b. The most important factors relevant to 
potential impacts arising from the production of geothermal 
fluias include the volumes of geothermal fluids being 
proauced; the existing ana proJected ambient levels of the 
com~onents to be released; the aose/response characteristics 
ot potential receptors of the emissions, the duration of 
exposure to the toxicants; and natural emission or loaeiing 
rates of the individual comj?onents. (CDUA Baseline Findings 
4.4.3. HA 3/2/82-1463). 
c. A re.,ort recently prepared tor the u.s. 
Environmental Protection Agency, Evaluation of Bact for 
and Air Oualit~ Im~act of Potential Geothermal Development 
in Hali.ai..i., analyzes most available H2S abatement systems. 
These include iron catalyst primary system; the iron 
catalyst secondary system; the hydrogen peroxide, caustic, 
iron catalyst (HPCC) primary system; burner-scrubber system; 
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and the Stretford system. The report recommends the 
Stretford system as the primary on-line abatement system. 
This system can remove over 99% of the H2S contained in the 
noncondensable gases. By-~:-roducts of the Stretford system 
include marketable elemental sulfur and sludge which 
requires aisposal. (DOWALD Exh. 11, p. 4-5; KGS B/27/84). 
d. A geothermal plant is expected to be on-line 
90-95% of the time. Contingency abatement sytems can be 
utilized in the event the plant is "down" for maintenance or 
emergenc:,-. If maintenance is required on either the turbine 
or generator, the geothermal steam can be routed directly 
into the condenser utilizing ~:.he ~:-r imary abatement systems. 
Since the turbine does not dissipate any heat or energ~ in 
the by~ass mode, the cooling system must be over-designed to 
accomoaate the extra heat during "turbine bypass.• If the 
frimary abatement system is not operational, a secondary 
abatement system such as NaOH (caustic soda) scubbing can be 
useo in combination with a rock rnuf!ler to achieve 92-95% 
In emergencies, well throttling may be 
accoraplished by manual valve turndown or automatic valve 
control. Throttling must be slow (at least 15 minutes) and 
can reduce the !low to a fraction of the well's maximum flow 
rate. The degree of throttling possible will depend upon 
the characteristics of each well. However, there is a 
danger that the additional stress with increasea pressure 
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could damage the well-bore, casing, or well-heaci equipment. 
If a geothermal aevelopment has more than one ]:.>Ower plant, 
tne wells coula be moderately throttled and diverted to an 
operating plant. If all the above continency abatement 
options are not available, a geothermal well may have to be 
free vented through a silencer without HzS abatement until 
the requireo maintenance is completed or such time as the 
well can be shut-in completely. (DOWALD Exr,, 11, p. 5; KGS 
8/27/84). 
e. The abated gases, condensate, and warm water 
are circulated through the cooling tower. Cooled water from 
tne cooling tower is recirculated through the condenser; an:{ 
excess water (blowaown) is piped into an injection well. It 
is expected that a wet, mechanical araft, cooling tower will 
be applied to geothermal development. Warm water enters the 
tower near the top, while a fan forces air through slats 
designea to maximize the surface area of the falling warm 
water. Use of drift eliminators significantly reduces the 
cnance that any water droplets will exit with the steam 
plume. This falling water also scrubs any particulates from 
the gas exiting the abatement system. At •The Geysers" 
geothermal development in California, small amounts of boron 
from the conaensate nas been emittea with cooling tower 
drift (small water C.roplets entrained in the steam f!lume) 
having some acivese effects on nearby vegetation. Based on 
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tne characteristics of the HGP-A reservoir fluids and the 
emissions from Hawaii'~; geothermal resources should not be 
toxic to flora and fauna in the vicinity of the geothermal 
power i-'lant. Data available from the HGP-A indicates the 
plume from the cooling tower should consist entirely of 
water vapor. The ._,reposed DOH regulations require 98% H2 s 
abatement and a concentration of no greater than 25 ._,arts 
!,Jer billion H2 s at the property line of a development. 
(DOWALD Exh. 11, p. 5-6; KGS 8/27/84). 
f. In adaition to cooling tower blowdown, brine 
leaving the separator will be i-'iped into the injection well. 
If the rate of silica deposition in the brine is high, a 
silica-araj,Jaut system will be utilized between the steam-
brine se~:Jarator and the inJection well. Otherwise, silica 
deposition within the injection well might cause it to 
become plugged. The silica deposits will be removed 
periodically ar1d disposed of in an acce1-table manner (DOWALD 
Exn. 11, pp. 4-6; KGS 8/27/84). 
g. ~lost ._,ower plants being constructea toaay 
contain three basic abatement features: a primary system, a 
secondary system and a bypass system. Selection of the 
optimum methoa is highly dependent on the resource 
com..,osition. Certain methods are not easily adaptable to 
fluctuating process streams while others create byproducts 
that present aisposal problems. The current trend is toward 
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the eliminating the transportation anti disposal of hazardous 
wastes. (Applicant's Exh. 18, p. 10). 
h. For applications in Hawaii, a modern abatement 
control oesign will be consiaered to meet the air quality 
standards. New improvements in burner-scrubber technology 
have moved this paticular H2 s abatement system to the 
forefront. Power plants in The Geysers are being testea for 
possible retrofitting with this system rather than the 
Stretford or caustic/hydrogen peroxide systems (Dorighi, 
1984). The burner-scrubber process is more effective when 
combustible gases such as HzS are present and takes up less 
space than the Stretford system. Moderate HzS helps the 
system by providing fuel. Currently, Dow Chemical markets 
the equlpment under the trade name Gas/Spec RT-2. Their 
technical data claims that high levels of abatement, as high 
as 99.99% can be achieved. Heretofore, burner-scrubber 
processes were considerea to be less reliable and less 
efficient than the Str etf ord process. The main improvement 
comes from carefully controlling the combustion in an 
alkaline environment. Noncondensible gases extracted from 
the condenser is incineratea. The so2 produced by the 
burning is scrubbed with an alkaline solution and mixed with 
plant cooling water. Thus, no threat of acid rain is 
presented. The cooling tower water and scrubber water are 
then treated with iron chelate which converts tne sulfur 
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compounds in the water into a thiosulfate form that is 
highly soluble in water. The overall system proviaes 
abatement efficiencies equivalent to the Stretford but 
eliminates solid waste. The burner-scrubber, however, is 
sensitive to interruptions in fuel supply. This can be 
remeuied with a propane pilot light. The Dow process also 
avoias the biggest drawback to the Stretford system, the 
generation of elemental sulfur and vanadium pentoxide. Dow 
is currently testing their system at BGP-A. Preliminary 
results indicate that improved abatement is being observed 
at lower cost. (Applicant's Exh. 18, pp. 10, 12.) 
i. In terms of secondary abatement, an iron 
chelate system is used. This is the same method as 
inJecting caustic soda except that iron chelate is used 
rather than caustic. Iron chelate is nonhazardous and 
commonly used as a plant fertilizer to "green-up• plants. 
(Applicant's Ex h. 18, p. 12.) 
J· For turbine bypass systems, the steam is passed 
directly to the condenser and then the noncondensible gases 
are removeci to the primary abatement system. An oversized 
condenser is required, bu the bypass arrangement removes one 
of the largest sources of H2s emissions. (Applicant's Exh. 
18, p. 12.) 
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k. A final decision on power :plant design cannot 
be made until after extensive well testing is completed and 
representative resource composition data is collected. 
(Applicant's Exh. 18, p. 12.) 
During drilling and well testing, H2 s abatement 
might have to be conducted depending on the resource 
characteristics. Currently the caustic injection abatement 
method is used. An extension of the iron chelate 
technology, currently being tested in the Geysers power 
plant is being tested in drilling and well testing 
operations. It has the potential to be in wide use in a few 
months it preliminary results are representative. This 
process is safer and provides better, more consistent 
abatement, at lower cost. (Applicant's Exh. 18, p. 12-13). 
H. Historic and Archaeological Value of the Proposed Site 
1. In October and November, 1985, PHRI conducted 
preliminary archaeological reconnaissance survey fiela work 
within the jjroposed geothermal development area in the wao 
Kele 0 Puna Natural Area Reserve, Puna District, Island of 
Hawaii (Haun, Rosendahl, ana Landrum 1985; PHRI Report 205-
110985). Ground inspection reconnaissance field work was 
carried out on October 31, and November 1, 5, and 13, 1985 
and was supplemented by aerial reconnassiance (by 
helicopter) on November 18, 1985. (Applicant's Exh. 8 p. 2) 
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2. The preliminary archaeological reconnaissance 
survey was conducted to sample several areas adjacent to and 
within portions of the geothermal resource subzone and 
development area. The objectives of the survey were to (1) 
supplement the historical and archaeological documentary 
research for this area in order to provide a general 
assessment of the likelihood of the presence and general 
nature of any remains of any sites or features of possible 
archaeological significance within the project site and (2) 
to provide a basis for conducting the full reconnaissance 
surveys when final site selection for each proJect facility 
is made as the project progresses. (Applicant's Exh. 8 p. 
2-3) 
3. The aerial reconnaissance by helicopter did 
not reveal the presence of any definite archaeological 
r ern ains. However, three sightings were made of banana 
plants srowing within small lava sinkholes in forested 
areas. The presence of bananas as a cultigen indicator 
suggests intentional agricultural utilization of the 
immediate area in the ~st. (Applicant's Exh. 8 p. 5) 
4. The ground inspection field work in the two 
areas reached by helicopter did not reveal the presence of 
any archaeological remains. These results support the 
indications from Transects 1 through 5 that most 
archaeological remains to be found within the project area 
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would probably be relatively sparse in density, tenuous in 
nature, and diffi.cult to recognize with certainty. 
(Applicant's Ext.. 8, p. 5) 
5. From Dr. Rosendahl's review of available 
arcnaeological, ethnographic and historical information, one 
final general observation can be made regarding the apparent 
distribution of archaeological remains within and adjacent 
to the present project area. In southwestern Puna, 
archaeological remains are concentrated within the immediate 
coastal zone and, for the most part, tend to decline rapidly 
in both variety and density as one progresses inland. 
Archaeological and documentary eviaence for aboriginal 
patterns ot inland habitation and exploitation--principally 
dryland agricultural activities and associated short-term 
residential occupation within the lower reaches of the 
forest--indicates that the density of arcnaeological remains 
decreases quite rapidly in the vicinity of the southern 
peripher~ of the proposed geothermal development area. 
Thaerefore, it would seem reasonable to suggest that, with 
one exception, any archaeological remains present within 
most of the proJect area would be widely scattered, as well 
as physically tenuous. The one exception might be a 
slightly higher density of remains along the routes of major 
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trails that passeu through the inland forest. 
Ex h. 8, p. 5-6) 
(Applicant's 
6. Potential impacts to the historical/ archaeo-
logical attributes of the project area include the 
disturbance or destruction of sites with potential 
historical or archaeological significance. To ensure that 
these potential impacts are minimizea to the greatest extent 
practicable, a full archaeological reconnaissance survey has 
been committed to by the developer for any area selected to 
be clearea for project operations, prior to the initiation 
of clearing operations. (Applicant's Exh. 8, p. 6) 
7. The basic objective of the full reconnaissance 
survey woula be to iaentify and evaluate sites and features 
of potential archaeological significance present within the 
areas to be cleared. The full reconnaissance survey should 
be conducted in accordance with the standards for 
reconnaissance level survey recommended by the Society for 
Hawaiian Archaeology (SHA). These standards are currently 
being used by the Hawaii County Planning Department and the 
Hawaii State Department of Land and Natural Resources -
H1storic Sites Section as guidelines for the review and 
evaluation of archaeological reconnaissance survey reports 
submittea in conJunction with various development permit 
applications. (Applicant's Exh. 8, p. 6-7) 
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B. The apropriate areas to be surveyed include 
the proposed access corridors, drill sites, power plant 
sites, and any other areas to be impacted by construction 
activities. These areas will be clearly marked on-the-
ground prior to archaeological field work. The survey areas 
will also include sufficient buffer zones--perhaps two to 
five or more times larger than the actual extent of the 
access road corridors, drill sites, power plant sites, and 
any other development areas--to insure that any 
archaeological resources in the immediate vicinity, but not 
actually within a specific area to be impacted will not be 
inadvertently damaged by construction activities. The 
buffer area should also insure that the full context of 
archaeological remains within the specific impact areas will 
be determined (e.g., the full significance of a seemingly 
isolated structure cannot be accurately determined if it is 
part of a larger, but unidentified, complex of structures). 
(Applicant's Ex h. 8, p. 7-8) 
9. Based on the results of the full 
reconnaissance survey findings, the level of appropriate 
further archaeological work could be determined. Such 
further work could include intensive survey--aetailed 
recoraing of sites and features, and controlled test 
excavations; ana possble subsequent mitigation--salvage or 
research excavations, interpretive planning, and/or 
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preservation of sites and features with significant 
scientific research, interpretive, and/or cultural values. 
(Applicant's Exh. 8, p. 8) 
10. An archaeological research design to guioe all 
future archaeological work within the project area will be 
formulatea. A research design is a plan for conducting an 
arcnaeological investigation. It includes a statement of 
both general and specific research objectives, specifies the 
data necessary to address the objectives, and describes the 
strategies and methods to be utilized for aata recovery. 
(Applicant's Exh. 8, p. 8) 
11. Because of the extensive nature of both the 
prO~.JOSed geothermal aevelopment area and the proJ.Josed 
construction activities, a sam~,Jling strategy for data 
recovery which is based on proposed development areas can 
potentially proviue a valuable data base that will not only 
berve immediate development planning needs, but will also 
facilitate any future development planning and made a 
substantive contribution to archaeological knowledge about 
the area. (Applicant's Exh. 8, p. 9) 
I. ECONOMIC FEASIBILITY OF PROPOSED PROJECT 
a. Dan Williamson, President of Hawaiian Electric 
Company, did a rough economic analysis of the economic 
feasibility of the proposed geothermal project. Mr. 
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Williamson's evaluation showed that the projected Annual 
Plant Carrying cost for a geothermal plant would be 4.77 
cents/kwh compared to HELCO's avoided cost of 6.70 
cents/kwh. (Applicant's Exh. 14(a); Testimony of Dan 
Williamson, Vol. IX, February 22, 1986, p. 80). 
b. The carrying cost of the undersea cable was 
estimatea at 1.65 cents/kwh (Applicant's Exh. 14(a)) and was 
conservative as it took the higher end of the estimated 
total cost of the undersea cable of $400 million rather than 
the lower estimate of $200 million. (Testimony of Dan 
Williamson, Vol. IX, February 22, 1986, p. 80) 
c. Unaer Mr. Williamson's analysis, when all the 
numbers are totalled up the cost for geothermal electricity 
deliverea to Oahu was estimated at 6.42 cents/kwh which is 
less than HECO' s avoided cost of 6.68 cents/kwh. 
(Williamson, 'J:·r. Vol. IX, February 22, 1986, p. 82 and 84). 
a. Dr. Flasch has reviewed a number of 
calculations that were done by the State of Hawaii regarding 
the combinea feasibility of geothermal power, and an 
undersea transmission cable. Indications are that both can 
be profitable. (Testimony of Bruce Flasch, Vol. XIII, 
March 14, 19 86, p. l 7 3) 
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e. Another reason for expecting a geothermal 
plant to be profitable is that it is a proven technology. 
There are over 150 geothermal power plants in the worla and 
a number of these were built in 1973 when the price of oil 
was very, very low. With higher oil prices, it makes the 
prot i tabil i ty even better. (Testimony of Bruce Plasch, Vol. 
XIII, March 14, 1986, p. 179 and 180). 
f. Assuming a figure of $2,000.00 per kilowatt of 
ir,stallea Ca!facity tor a geothermal power plant, and the 
cost of tJUtting in an oil firea electric plant which is just 
slightly less than that, about $1,800.00, and does not have 
the same energy creaits as the geothermal, the capital cost 
per kilowatt of installea capacity is about the same tor the 
two sources. With one you have to import very expensive oil 
and the other you aon't, and there's just no question that 
geothermal power is going to come out much cheaper than 
going with oil tired power. (Testimony of Bruce Plasch, 
Vol. XIII, March 14, 1986, p. 180-181). 
g. Although Dr. Robert McKusick testified that he 
would give a very low probability that geothermal power 
coula be Cielivered to Oahu for less than the avoided cost, 
he admitted that he did not have sufficient information to 
make an economic feasibility study that he would be 
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satisfied with. (Testimony of Robert McKusick, Vol. XIII, 
March 14, 1986, p. 133) 
h. Dr. Robert HcKusick's analysis used figures 
for maintenance that George Jenkins used which were based on 
a aemonstration well and to which Dr. Plasch believes 
provide no useful guidance whatsoever on maintenance costs. 
(Testimony of Bruce Plasch, Vol. XIII, March 14, 1986, p. 
203) 
i. That the WPPSS pro] ect that Dr. McKusick used 
to com.t-are with the present project was for a much larger 
scale involving 5 power plants at an estimated cost of $4-$5 
billion, which were each designed to produce approximately 
1011 megawatts of electricity. ('I'estimony of Robert 
McKusick, Vol. XIII, March 14, 1986, p. 122-123) 
J• Tnat the WPPSS project was financed by floating 
revenue bonds and by guaranteed sales to retail utilities. 
However, electric consumers of the State o:t Hawaii will not 
be economically hurt by this development as they are paying 
monies :£or the arilling of the wells and will not be 
developing a plant that may fail or be uneconomical. 
(Testimony of Robert McKusick, Vol. XIII, March 14, 1986, p. 
124; Testimony of Dan Williamson, Vol. IX, February 22, 
1986, p. 128) 
k. Hawaiian Electric forecasts that on the average 
a midrange estimation is that oil prices are going to be 
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flat at about $29 a barrel through 1990. (Testimony of Dan 
Williamson, Vol. IX, February 22, 1986, p. 96) 
J. Geothermal Resource Subzone Guidelines. 
1.1 Com~atibility with Present and Planned Use 
a. The KHERZ/GRS is located in the Wao Kele 'O 
Puna Natural Area Reserve. 
b. Conservation districts include lands necessary 
for protecting watersheds and water sources: lands 
susceptible to floods, soil erosion, inundation by tsunamis 
anci volcanic activity and landslides; lands used for 
parklands, beaches and the ~:-reservation of scenic, historic 
or archaeological sites; lands below the zone of wave 
action; lands with a general slope of 20% or more; lands 
with topography, soils, or climate not presently needed or 
normally adaptable for urban, agricultural or rural uses; 
and lanas suitable for farming, nurseries, flower gardening, 
growing of commercial timber, grazing, hunting and 
recreation. (State Land Use District Regulations, Part II, 
Section 2-2(3)). 
c. The project is located within a volcanic rift 
zone marked by ohia forests ana lavaflows (DOWALD Exh. 4; 
KGS 8/27/84). 
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d. The areas to the west of the proposed project 
are designatea as geothermal resource subzones. (State Exh. 
2, p. 5; KMERZ GS No. 9/26/85-5). 
e. The 2,000 foot buffer area between the proposed 
Kahauale'a Natural Area Reserve and the GRS will allow the 
potential impacts from noise and air emissions from any 
geothermal activity to be mitigated by the use of the best 
available technology and the aistance between the two areas. 
f. The development of geothermal resources in the 
Kilauea Middle East Rift Zone is consistent with the Hawaii 
State Plan which has an objective and policy of increasing 
energy self-sufficiency and promotion of the use of new 
energy resources; and has a priority action of encouraging 
the development of alternate energy sources (Sections 226-
lB(a) (2), 103(i) (1), HRS). The development of geothermal 
energy by the project will provide the private sector with 
opportunities to develop latent geothermal energy resources 
in those areas where the potential for finding such 
resources is high. State and County goals for the 
aevelopment of Hawaii's natural energy resources will, thus, 
be enhanced and furthered. (Applicant's Exh. 13, p. 1-2; 
County Exh. 1, p. 3; KMERZ 9/26/85-5). 
g. The development of geothermal energy in the 
Kilauea Middle East Rift Geothermal Zone is consistent with 
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the goals ana policies of the Hawaii County Plan which 
encourages the development of alternate energy resources; 
promotes a J,Jroper balance between the development of 
alternate enersy resources and the preservation of 
environmental fitness; and encourages the use of new energy 
sources (County Exh. 1, p. 3; KMERZ 9/26/85-5). 
1.2 Comgatibility With the Goals and Qbjectives of the 
Conservation District 
a. Hawaii's land use law (Chapter 205, .lia!IIAi.:.i. 
Revised Statutes) provides that the Land use Commission, 
State of Hawaii, is responsible for classifying all of the 
land in this State into one of four categories: urban, 
rural, agricultural, and conservation. 
b. Section 205-5, Hawaii Revised Statutes, further 
provides that conservation lands shall be governed by the 
BLNR pursuant to Section 183-41, .ll..a!llaii Revised Statutes. 
Section 205-2, ~!llaii Revised Statutes, further provides 
that: 
Conservation districts shall include areas 
necessary for protecting watersheds and water 
sources; preserving scenic and historic areas; 
providing park land, wilderness, and beach 
reserves; conserving endemic plats, tish and 
wildlife; preventing floods and soil erosion; 
forestry; open space areas whose existing openess, 
natural condition, or present state of use if 
retained, would enhance the present potential value 
of abutting or surrounding communities or would 
maintain or enhance the conservation of natural or 
scenic resources; areas of value for recreational 
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purposes; other related activities; and other 
permitted uses not detrimental to a multiple use 
co nse rv a ti on concept. 
c. Like federal land use law (40 USC 1411-18; 43 
usc 315; 315, 869; 30 usc 181 et. seq. 30 USC 351-359. 
Regulations: 30 CFR-whole; 43 CFR subpart 2420; 43 CFR-
whole), the State recognizes that conservation lands vary in 
their use and importance in accordance with a wide variety 
of criteria. Both the federal government and the State of 
Hawaii recognize that conservation land involve multiple 
uses which range from absolute preservation to regulated 
uses. For example, the ocean includes a range of activities 
from estuaries to harbors. These range of activity 
permitted aepends upon the ecological importance of the 
resource in the overall environment and the relative need 
for human activity within a restrict context. 
a. The multiple uses permitted in the Conservation 
land use district outlined in HRS 183-41 reflect a weighting 
of long term environmental values against limiteci categories 
of human needs. For example, the long term protection of 
the watershed must be balanced with the need to withdraw 
water for domestic use. Likewise, a project which requires 
unique location within a conservation zone and benefits thel 
arge public may be necessary while a project easily sited 
elsewhere might not be proper. For example, a hydroelectric 
aam which serves a larger !:>Opulation may be uniquely and 
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properly located in a conservation district to take advance 
of a waterfall; whereas a multitude of single family homes 
would be inappropriate even though both are similarly 
intrusive. ~·he unique balancing depends upon more specific 
factors developed and authorized by the Board's zoning 
regulations. 
e. DLNR Conservation Definition: 
(1) The Board's administrative rules de±ine 
conservation to mean: 
A practice, by both government and private 
landowners, of protecting and preserving, by 
judicious development and utilization, the natural 
ad secenic resources attendant to land • .to 
ensure optimum long-term benefits for the 
inhabitants of the State. (DLNR 13-2-1). 
(2) This definition reiterates the balance of 
values and multiple use character of conservation lands. 
(BLNR Conclusions of law 8.1.1.3. CDUA HA 3/2/82-1463). 
Purpose and intent of Conservation District 
In reviewing applications, the following 
guidelines shall apply: ... (4) all applications 
shall meet the purpose and intent of the State's 
conservation district. (DLNR l3-2-2l(b) (4)) 
f. The proposed project is in the State Land Use 
Conservation District and in an area designated as a 
geothermal resource subzone which allows geothermal 
activities as a permitted use. (Chapter 205-5.1, HRS). 
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g. Section 205-5.l(a), HRS, permits geothermal 
resource subzones to be established within State Land Use 
Conservation Districts. Act 155, Session Laws of Hawaii, 
1984, specifically states that geothermal development 
activities may be permitted within conservation land use 
districts. 
h. The use of an area for the exploration, 
development ana production of electrical energy from 
geothermal resources within a geothermal resource subzone 
shall be governed by the Board of Land and Natural Resources 
within the conservation district (Section 205-5.l(c), HRS). 
i. Section 183-41, HRS, states that the BLNR should 
allow and encourage the highest economic use of conservation 
lanas. 
j. The nature of geothermal aevelopment activities 
are non-labor intensive activities and are more 
appropriately characterized as capital intensive. (EIS, 
CDUA Hearing, Appendix H, H-1; Applicant's Exh. 5, p. 2). 
Tnerefore, geothermal aevelopment activities can be allowed 
within the geothermal subzone by reducing the exposure of 
humans to the IJOtential volcanic dangers by the strategic 
placement of powerplants, the erection of berms and plat-
forms to minimize the potential volcanic hazard, the use of 
escape roads the careful formulation of evacuation plans in 
advance of IJOtential dangers and the close cooraination of 
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the operations of the geothermal project with the Hawaii 
Volcanoes Observatory to facilitate the exchange of 
important information (Written Testimony of Gerald Niimi and 
Louis Capuano, BLNR Hearing, April 11, 1984). 
k. The availability of proven geothermal 
technology such as hydrogen sulfide abatement systems which 
are capable of abating hyarogen sulfide emissions to 99%; 
noise reauction technology for well-venting (in-place and 
portable rock mufflers and drilling emission abatement 
systems; drilling rig noise reduction techniques (acoustical 
baffling, hospital muffers, noise reduction enclosures); 
strategic placement of powerplants and use of landscaping to 
reduce potential visual impacts; the use of reinjection 
programs to return geothermal fluid back to the production 
zone; geothermal well storm plugs and buried cellars; raised 
platforms ana berms; will reduce the potential impacts of 
geothermal development within the conservation district and 
and within areas surrounding the proposed subzone. (DOWALD 
Exh. 9; KGS 8/27/84, Written Testimony of Gerala Niimi, 
Louis Capuano, BLNR hearing, April 11, 1983). 
CONCLUSIONS OF LAW 
1. That the BLNR has jurisdiction over this action 
pursuant to Section 205-5.1 and 205-5.2, HRS. 
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2. That geothermal development activities are a 
permitted use as set forth in Section 205-5.1 (a) which 
reads in relevant part "Geothermal development activities 
may be permitted within urban, rural, agricultural, and 
conservation land use districts in accordance with this 
chapter. Geothermal development activities means the 
exploration, development or production of electrical energy 
from geothermal resources." 
3. That the granting of the CDUA: 
(a) Will not have an unreasonable adverse health, 
environmental, or socio-economic effect on resiaents or 
sounding property; 
(b) Will not unreasonably burden public agencies 
to provide roads and streets, sewers, water, drainage, 
school improvements, and police and fire protection; and 
(c) That there are reasonable measures available 
to mitigate the unreasonable adverse effects or burdens 
referred to in 3(a) and 3(b) above. 
4. The Applicant has proven that its proposed 
project is consistent with and meets the purpose and intent 
of tr•e State's Conservation District, and can meet all 
conditions and guidelines, except condition 15 set forth in 
the Department of Land and Ni:itural Resources Regulation No. 
4, Section 6 (a) and (b) which read as follows: 
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SECTION 6. 
STbNDARPS: LAND USE CONDITIONS AND GUIDELINES 
A, Conditions: 
Any use allowed within the Conservation District after 
the effective date of this Regulation is subject to the 
following conditions: 
1. The use shall be compatible with the locality and 
surrounaing areas, and appropriate to the physical 
conaitions and capabilities of the specific 
parcel(s) of lands; 
2. The existir.g physical and environmental aspects of 
the subject areas, such as natural beauty and open 
space characteristics, shall be preservea or 
improved upon, whichever is applicable; 
3, All buildings, structures anci facilities shall 
harmonize with physical and environmental 
conditions stated in this Regulation; 
4. Use of the area shall conform with the program of 
the appropriate Soil and Water Conservation 
District, or plan approvea by and on file with the 
Department; 
5. When proviaed and/or required, potable water supply 
and sanitation facilities must have the aJ?proval of 
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the Department of Health and the Board/Department 
or Water Supply; 
6. When provided and/or required, boat harbors, docks 
ana similar facilities must have the approval of 
the Department of Transportation; 
7. The construction, alteration, moving, demolition 
and repair of any building or other improvement on 
lands within the Conservation District, shall be 
subJect to the building codes of the respective 
counties in which the lands are located; provided 
that prior to the commencement of any construction, 
alteration or repair of any building or other 
imfrovement, four (4) copies each of the final 
location map, plans and specifications shall be 
submitted to the Chairman, or his authorized 
representative, for approval, provided however, 
that any alteration or repair which does not change 
or expana on the existing land use shall not be 
subject to the above; 
8. Provisions :tor access, parking, drainage, fire 
protection, safety, signs, lighting ana changes in 
the landscape must have the approval of the 
Chairman or his authorized representative; 
9. Where any interference, nuisance, or harm may be 
caused, or hazard established by the use, the 
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applicant shall be required to take measures to 
minimize or eliminate such interference, nuisance, 
harm or haz arc. 
10. Obstruction of public roads, trails and pathways 
shall be minimized. If obstruction is unavoidable, 
the applicant shall provide roads, trails or 
pathways acceptable to the Department. 
11. Except in the case of public highways, access roads 
shall be 1 imi ted to a maximum of two lanes. 
12. Overloading of off-site roadways, utilities and 
public facilities shall be minimized. 
13. Clearing areas for construction pur..,oses shall 
require prior approval by the Chairman. Grouna 
cover of slopes over 40% shall not be removed 
unless specifically authorized by the Chairman. 
14. Cleared areas shall be revegetated within thirty 
(30) days, unless otherwise provided for in a plan 
on file with and approved by the Department. 
15. Upon approval of a particular use by the Board, any 
work or construction to be done on the land shall 
be initiated within one (1) year of the approval of 
such use, and, all work and construction must be 
completeo within three (3) years of the approval of 
such use. 
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B. Guidelines 
1. All applications shall be reviewed in such a manner 
that the objectives of the subzone(s) is given 
primary consioeration. 
2. All applications shall be reviewed such that any 
physical hazard, as determined by the Department 
shall be alleviated by the applicant when required 
by the Board. 
3. All applications for subdivision shall address 
their relationship with the City and Count}·/County 
General Plan. 
4. All applications must meet the purpose and intent 
of the State's Conservation District. 
5. The only condition that cannot be met by the 
applicant is condition 15 under which any work or 
construction must be completed within 3 years of 
the approval. 
6. A deviation is granted to the Applicant under 
Section 6 c of Regulation No. 4 from condition 15 
as the deviation is necessary because there are no 
practical alternatives if the Applicant wishes to 
buila and construct its :tJroject in reasonable and 
prudent manner. Further, the deviation will not 
result in any significant aaverse effects to the 
environment, and in fact will result in a better 
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planned proJect which will ha11e less effect on the 
environment. Finally, the deviation does not 
conflict with the obJectives of a geothermal 
resource subzone. 
7. The Applicant has shown that the proposed project 
ha& an acceptable balance of the factors that are 
set forth in Section 205-5.2 (b) 1-7 which read: 
(1) The area's potential for the production of 
geothermal energy; 
(2) The prospects for the utilization of geothermal 
energy in the area; 
(3) The geologic hazaras that potential geothermal 
projects would encounter; 
(4) Social and environmental impacts; 
(5) The compatibility of geothermal aevelopment and 
potential related industries with present uses of 
surrounding lana and those uses permitted under 
the general plan or land use policies of the 
county in which the area is located; 
(6) The potential economic benefits to be derived from 
geothermal development and potential related 
industries; and 
(7) The compatibility of geothermal development and 
potential related industries with the uses 
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permitted under sections 183-41 and 205-2, where 
the area falls within a conservation district. 
(8) The use proposed within the KMERZ/GRS is in 
conformity with the expressed subzone objectives 
in Section 13-184-3, as required in Section 13-2-
2l(B(l). 
..Q..R.D.E..R 
IT IS HEREBY ORDERED that the the Estate of James 
Campbell and the True/Mid-Pacific Venture shall be allowed, 
as a 1-ermitteo use, to explore and develop the KMERZ/GRS, 
identified as TMK 1-2-08:07, 11-17; 1-2-10:1, 3; 1-5-01:10-
13, 40-48, 52, 55, tor geotnermally produced electrical 
power subject to the following conoitions: 
1. Exploration and aevelopment of the KMERZ/GRS 
shall be limited to the production ot 100 megawatts of 
electrical power. The maximum size of any one indiviaual 
JiOWer 1-'lant shall be limited to a size of 55 MW. Initial 
exploration activity shall commence in Exploration and 
Development Area "A" as shown in Figure 5 of the 
Final Supplemental Environmental Impact Statement. The 
number of wells shall be limited to a total number of forty-
three (43) exploration, production and injection wells. 
The initial aevelopment phase will be limitea to 
the production of electrical power capable of satisfying the 
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electrical energy requirements for the Island and County of 
Hawaii. Exploration drilling may be conducted during this 
initial development stage to prove the existence and define 
the extent of geothermal resources capable of satisfying the 
100 megawatt development capacity. 
The second and subsequent development phases may be 
initiated within the scope of this permit, to supply power 
necessary ror the installation of an undersea deep water 
cable for export of power to other islands and for any 
additional power requirements for the Island of Hawaii. 
2. The term of this permit shall be for a period 
of 65 yearB consistent with the mining lease provisions 
covering the KMERZ/GRS, the granting of which and the terms 
thereof are under the authority of the BLNR. 
3. Exploration activities shall be commenced 
within three years of the BLNR's approval of the Plan of 
OperationB in accordance with Section 13-183-54(g) of the 
Rules on Leasing and Drilling of Geothermal Resources. 
4. Applicant shall submit to the BLNR for its 
review and approval prior to initiating any operations 
including access roaa construction or drilling, a Plan of 
Operations in accoraance with the detailed requirements of 
Section 13-183-55 of the Rules of Leasing and Drilling of 
il~..Q.t.b~..t.m.al_.E~.S..Q.l,IJ:.:~~.s. The plan shall incluoe site 
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selection, planned well depth, and bottom hole location. The 
Plan of Operations shall also include the following: 
(a) Air Quality Monitoring Program to be in 
com~liance with the requirements of the State Department of 
Health's Authority to Construct Regulations as defined in 
T i t l e 11 , C h apt e r 6 0 , .A.i.XJ.Q..l..l.l.l.t.i.Q.n~.Q.n.t.X.Q..l , S t a t e 
Department of Health, including those relating to drilling 
operations. The program shall include monitoring for: 
1. Hydrogen Sulfide 
2. Sulfur Dioxide 
3. Mercury 
4. Radon 
5. Total Suspended Particulates 
6. Rain water sampling 
The air quality monitoring program shall be 
initiated upon commencement of drilling and conducted for 
four (4) months to one (1) year vrior to submitting an 
application for "Authority to Construct" a power plant. 
Monitoring sites for exploration ana development arilling, 
ana for 1-ower plants when plant sites are determined, will 
be locatea so as to obtain the maximum emissions from these 
operations. Where appropriate, u.s. EPA monitoring 
guiaelines and protocol will be followea and standard u.s. 
EPA quality assurance documentation will be providea for the 
monitoring program. Detailea quarterly reports will be 
-156-
submitted so that the status of the air quality can be 
routinely reviewed by appropriate regulatory agencies. 
(b) Meteorological Monitoring Program in 
conJunction with the Air Quality Monitoring Program tor 
compliance with the State Department of Health Authority to 
Construct regulations including drilling operations. The 
program shall describe the number and locations of the 
meteorological stations and include provisions for the 
measurement of vertical air temperatures and rainfall. 
(c) Biological Survey Plan for the assessment 
of the biota prior to clearing operations of specific sites 
tor proJecc facilities incluaing roaas, drilling and power 
plant sites. Provisions shall be included to monitor the 
impacts of proJect activities on the environment in general 
ana in particular for the introduction of exotics into any 
clearea areas. 'I'he plan will include contingencies for the 
avoidance of any candidate endangered or threatened plant 
species or the nests of the Hawaiian Hawk. 
(a) An archaeological reconnaisance survey 
plan for clearing operations for specific sites for prOJect 
facilities including roaas, drilling ana powerplant sites to 
include plans for the avoiaance of any sites that are 
determined to be worthy of preservation or removal. More 
specifically: 
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(1) A full archaeological reconnaisance 
survey shall be conducted for any area selected to be 
cleared for proJect operations, 1-rior to the initiation of 
clearing operations. 
(2) The full reconnaisance survey shall 
identify and evaluate sites ana features of potential 
archaeological significance present within the areas to be 
clear ea. 
(3) The full reconnaisance survey shall 
be conducted in accordance with the stanciards for 
reconnaisance level survey recommended by the Society i:or 
Hawaiiar, Archaeology (SHA). 
(4) The appropriate areas to be surveyed 
include the proposed access corridors, drill sites, 
powerplant sites and any other areas to be impacted by 
construction activities. These areas will be clearly marked 
on-the-ground prior to any archaeological field work. 
(5) The survey areas will also include 
sufficient buffer zones-- ranging from two to five times 
larger tnan the actual extent ot the access road corridors, 
arill sites, powerplant sites, and any other development 
areas -- to insure that any archaeological resources in the 
immediate vicinity, but not actually within a specific area 
to be impac~ea will not be inadvertently damaged by 
construction activities. The buffer area should also insure 
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that the full context ot archaeological remains within the 
specific impact areas will be aetermined (e.g., the full 
significance of a seemingly isolatea structure cannot be 
accurately determinea if it is part of a larger, but 
unidentified, complex ot structures). 
(6) An archaeological research design to 
guiae all future archaeological work within the project area 
will be !ormulated. A research design will be a plan for 
conaucting an archaeological investigation. 
(e) Aciministrative and emergency plans 
relative to fire, volcanic activity, earthquakes, well bore 
ruptures and blowouts and any other emergency situations 
which may threater, the health, safety and welfare of the 
employees and other persons 1n the vicinity of the proposed 
proJect. The plans will also include operational 
requirements relating to parking and access. 
(f) Disposal procedures for any toxic 
materials or sump contents and other waste material& as may 
be necessary tor disposal in sites as approved by the State 
Department of Health. 
(g) Proceaures tor any necessary unabated 
venting of the wells to include the times and circumstances 
when such venting will be conducted, including provisions 
for notification of the public. 
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(h) Procedures for shielaing lights on the 
drilling rig during operations. 
(i) Noise abatement methods for quieting 
drilling equipment including equipment modifications to 
assure compliance with noise guiaelines. 
(1) Applicant will conduct on-site 
monitoring of noiE.es from drilling operations at specific 
downwind aistances from the drilling rig to allow an 
accurate assessment of the effectiveness of the noise 
abatement technology being employed on the drilling rig, ana 
whetner further noise abatement adjustments are required. 
Perioaic measurements shall be conaucted with mobile 
monitoring equipment at the closest resiaential areas to the 
proJect activities to further valiaate tt1e effectiveness of 
the abatement measures. Such mobile monitoring will be 
conaucted in coordination with residents in the closest 
resioential areas curing times when meteorological 
conditions are most conducive to sound propagation to those 
areas. 
(2) Until such time as noiE>e regulations 
are adoi'tea by the State or County, the Applicant will 
conform its geothermal activities to the County of Hawaii 
Planning Department Noise Guidelines as related to 
geothermal development. The guidelines provioe: 
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(a) A general noise level of 55 dBA 
during aaytime and 45 dBA at 
night shall not be exceedea 
except as allowed under b. For 
the purposes of these guiaelines, 
night is defined as the hours 
between 7:00 p.m. and 7:00 a.m.; 
(b) The allowable noise levels may be 
exceeaea by a maximum of 10 dBA; 
however, in any event, the 
generally allowed noise level 
should not be exceeaed more than 
lq% of th!' time within any 20 
m~nute per ~od; 
(c) The noise level guiaelines shall 
be applied at the existing 
residential receptors which may 
be impacted by the geothermal 
operation; and 
(a) Sound level measurements shall be 
conaucted using standard pro-
cedures with sound level meters 
using the "A" weighting and 
"slow• meter response unless 
otherwise stated. 
(k) A procedure for the submittal of reports 
ana recoras relating to: 
1. Well test data; 
2. Exploration results; 
3. Drilling Logs; 
4. Production and payments trom the 
operations; 
5. Log of any public complaints concerning 
proJect operations and activities; 
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6. Periodic survey and monitoring reports 
relating to air quality meteorology, archaeological 
reconnaisance, and flora and fauna. 
(1) Procedure for the processing of public 
complaints concerning project activities including the 
designation of a Big Island resident to receive potential 
complaints and the designation of an individual who is 
avc;ilable in the State and who has the authority to act on 
benalf of the Applicant for the purposes of supplying 
information and responses to the representatives of state 
and county governmental agencies on relevant matters. 
(m) A metes and oounds aescription of any well 
site, fOwerplant site, and access or connecting road rights-
ot-way incluaing the adequate marking of these areas. 
(n) A plan for the restoration of drilling, 
vower.£!lant and roaa sites incluaing measures for the 
revegetation of any clearea areas deemed appropriate by the 
BLNR. 
(o) ~litigation measures to reciuce visual 
impacts on the areas surrounding the project facilities 
shall include: orientation of buildings, when feasible, with 
the narrow dimension towaras any view corridor from which 
large numbers of the public would be able to observe the 
facility, paint to blend with the background for the 
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facility, and the use of nonreflective, light absorbent 
material and textures. 
5. Until air quality regulations concerning 
geothermal activities are promulgated by the State of 
Hawaii, the AI>plicant shall com_o,ly with the proposed State 
Department of Health Air Quality Regulations concerning 
ambient air quality and geothermal emission rates tor 
drilling ana power plant operations. 
6. Best Available Control Technology (BACT) shall 
be usea during all phases of the project to limit or reduce 
proJeCt noise, and gaseous and fluid emissions to comply 
with applicable standards. BACT shall mean that which will 
best achieve the degree of control required, taking into 
account what is known to be practical in terms of energy 
requirea to operate the system, the environmental 
conditions, and the economic considerations associated with 
the currently available technology. BACT tor any specific 
apt-lication will be determined by the Federal, State or 
County agency having specific enforcement or monitoring 
resl'onsibility in the area to be controlled. 
7. The Chairperson of the BLNR will periodically, 
at nis discretion, review the implementation of the proposed 
proJect with respect to (a) adherence to the Plan of 
Operations for the project within the terms and conditions 
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,. 
im~osed herein ana (b) the results of the environmental 
monitoring program to be implemented. 
8. Use of the area shall conform with the program 
oi the af-propriate soil and water conservation district or 
plan a~proved by and on file with the State Department of 
Lana ana Natural Resources. 
9. When provided or required, potable water supply 
ana sanitation facilities shall have the approval of the 
State Department of Health ana the boara/department of water 
supply. 
10. The construction, alteration, moving, 
oemoli tion ana repair or any building or other improvement 
on lo.nos within the conservation district shall be subject 
to tne building codes of the respective counties in which 
tne lanas are located; provided that prior to the 
commenceruent of any construction, alteration, or repair of 
any builaing or other improvement, copies of the final 
location map, plans, and specifications shall be submitted 
to the chair~erson or an authorized representative, for 
a~proval; ~rovioed, further that any alteration or repair 
which aoes not change or expana on the existing land use 
shall not be subject to the above. 
11. Obstruction of public roads, trail&, and 
patnways shall be minimized. If obstruction is unavoidable, 
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the Applicant shall provide roads, trails, or pathways 
acceptable to the Department of Land and Natural Resources. 
12. Except in the case of public highways, access 
roads shall be limited to a maximum of two lanes. 
13. Overloading ot off-site roadways, utilities, 
ana public facilities shall be minimized. 
14. Notwithstanding any of the foregoing, the 
Applicant or its authorized representative shall be 
responsible for complying with all applicable Federal, State 
and County of Hawaii statutes, orainances, rules and 
regulation governing this permit. 
ALTERNATIVE ORQER 
In the event the BLNR determines that aevelopment 
to a level ot 100 MW must be accomplished on an incremental 
basis, the following alternative Order is proposed: 
IT IS HEREBY ORDERED that the Estate of James 
Cam:o-bell and the True/Mid-Pacific Geothermal Venture shall 
be al1owea, as a :.-ermitted use, to explore and aeve1op the 
KNERZ/GRS, identitied as TMK 1-2-08:07, 11-17; 1-2-10:1, 
3; 1-5-01:10-13, 40-48, 52, 55, subject to the :to1lowing 
conditions: 
1. Exploration of the KMERZ/GRS shall be conducted 
to prove the existence and define the extent of a 
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geothermal resource capable of satisfying 100 MW of 
development capacity. 
2. Applicant shall be immediately permitted to 
aevelop up to 25 MW of electrical power for purposes of 
satisfying the electrical energy requirements for the Islana 
and County of Hawaii. 
3. Development by the Applicant of geothermal 
energy in excess of the initial 25 MW shall be permitted by 
the BLNR only upon a reasonable showing by the Applicant 
tr.a t: 
(a) It nas complied with all of the terms and 
conditions in this Order; 
(b) A need can be shown for the development of 
aaaitional geothermal energy; and 
(c) The development of additional geothermal 
facilit~es can continue to meet and be in compliance with 
applicable health and safety reyuirements of applicable, 
Feaeral, State and County statutes. 
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4. All other conditions previously referred to 
above numbereo 2 through 13. 
Done at Honolulu, Hawaii, this day of 
_________ , 1986. 
BOARD OF LAND AND NATURAL 
RESOURCES, STATE OF HAWAII 
By ----------------------SUSUMU ONO, Chairman 
B~ --------------ROLAND H. HIGASHI 
By ------------------------
MOSES W. K. KEALOHA 
By -------------------------
J. DOUGLAS ING 
By --------------LEONARD H. ZALOPANY 
By ----------------JOHN Y. ARISUMI 
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BEFORE THE BOARD OF LAND AND NATURAL RESOURCES 
STATE OF HAWAII 
In the Matter of the ) 
Designation of the Kilauea ) 
Middle East Rift, Island of ) 
Hawaii, as a Geothermal ) 
Resource Subzone ) 
I. INTRODUCTION 
G.S. No. 9/26/85-S 
Findings of Fact 
Conclusions of Law 
Decision and Order 
This contested case hearing dealt with the proposed designation of 
the Kilauea Middle East Rift zone as a geothermal resource subzone 
(hereinafter, "GRS"). 
At the request of various individuals in the vicinity of the 
Kilauea Middle East Rift, who would be affected by the designation of 
the GRS, the Board of Land and Natural Resources (hereinafter, "BLNR") 
conducted a three-day contested case hearing pursuant to HRS Chapter 91 
and its Administrative Rules on November 13, 14, and 15, 1985, at the 
State Office Building, Conference Room and the County of Hawaii Council 
Chambers in Hilo, island of Hawaii, Hawaii. Transcripts of the hearing 
are on file with the Department of Land and Natural Resources in 
Honolulu, Hawaii. 
The following Findings of Fact, Conclusions of Law, and Decision 
()..J-(' 
and Order ~ issued pursuant to that hearing. 
The Background, Chronology, and Legal Framework define the process 
leading up to the contested case hearing. The evidence presented in 
the Board's own Findings of Fact focus on the central issues relevant 
to the factors set forth in Act 296, SLH 1983, and Act 151, SLH 1984. 
The rulings on the parties' proposed Findings of Fact and the 
Conclusions of Law represent the Board's considered and collective 
(,,~ '(l "- 'r. < • 
judgment on the designation of the Kilauea Middle East Rift as a CGRS. ,_ 
II • BACKGROUND 
Location. The Kilauea Middle East Rift GRS as originally 
LV co. ..., 
proposed, ~located between the Kamaili GRS on the southeast and the 
Kahaualea section on the northwest. 
. 
\"\ ~ o:-., ( > f' I' 
o)'l\ 1\ 
' \j 
The" GRS encompass'\,{ a toea±--ef 
I ' / 
approximately 11,745 acres wft4.<:ll includ~ the following Tax Map Keys: 
I 
TMK 
1-2-08:8 
1-2-08: 11 
1-2-08:12 
1-2-08: 13 
1-2-08:14 
1-2-08:15 
1-2-08:16 
1-2-08:17 
1-2-10:1 
1-2-10:3 
1-5-01: 10 
1-5-01:11 
1-5-01:12 
1-5-01:13 
1-5-01:40 
1-5-01:41 
1-5-01:42 
1-5-01:43 
1-5-01:44 
1-5-01:45 
1-5-01:46 
1-5-01:47 
1-5-01:48 
1-5-01:52 
1-5-01:55 
Total 
Area 
(acre) 
211 
22 
17 
73 
90 
80 
so 
55 
440 
10,413 
72 
75 
19 
17 
38 
5 
5 
5 
5 
5 
5 
5 
22 
5 
11 
11,745 
SLUC 
Designation Owner 
Agriculture State 
" Private 
" " 
" State 
" " 
" Private 
" " 
" " 
" State 
Conservation " 
Agriculture Private 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
Description of the GRS. The Kilauea ~~d~f7,, ~asz" iR~ft , GRS k~sC "'-' , 
located midway along the Kilauea East Rift Zone~,in an area which can be 
characterized as an active volcanic rift. 
'• .. ' 
,.~ I ' ., -.(I/ 
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The Kilauea Middle East Rift Zone contains f po~p<-,9~: . .-th;,c t,:ma ~ r _ 
Forest Reserve ,____,.a part · -DL _which is _ .. designa-t.ed-~&s----<l- Natural Area 
/) 
Reserve, consisting of Ohi' a rainforest, intermixed with lava flows. 
The Ohia rainforest exhibits a vegetation succession ranging from newly 
emerged ferns on fresh lava flows to mature forests dominated by Ohia 
lehua trees. In higher wetter areasJOhia lehua and hapuu usually occur 
together; in drier areas, ohia grows with uluhe. 
The area is relatively undisturbed, but does contain some intro-
duced plants. 
Surrounding Land Uses and Zoning. The Kahaualea area to the 
northwest of the proposed GRS is Ele-set"i-b-ed---as- relatively undisturbed 
ohia forest with open areas devastated by lava flows along the rift. 
'Ffte=t_;R$----i:l;c ·s:epl!l!'e~ -·fr-QID .. ,t.he . .Kahaualaa parcel---by- -a· "WOO-fuot buffer--
.area. 
The majgr !'•FeJ,eft.-...f--ti!e GRS -i-~ as .. ~aiBed within the Wao Kele 'O 
Puna Natural Area Reserve (NAR) and is bounded on the north by the Puna 
Forest Reserve, Kaohe Homesteads on the northeast, the Kamaili GRS on 
the east, the Upper Kaimu Homesteads on the southeast, with the 
remaining NAR area and Kahaualea lands on the south and west, 
respectively. 
Events Leading Up to the Contested Case Hearing. On March 2, 
1982, the Estate of James Campbell filed a Conservation District Use 
Application (CDUA) with the Department of Land and Natural Resources to 
develop geothermal resources at Kahaualea, Hawaii. This CDUA No. 
HA-3/2/82-1463 was processed and a draft Environmental Impact Statement 
t' ""' prepared. -iry"May 20, 1982 a petition for a contested case hearing on 
the CDUA had been filed,~~ hearing was granted. The contested case 
hearing was convened on October 5, 1982, and continued on October 25 
-3-
a- '!' ,, ' (,( 
":';:'\" I ~ 
'. 
'I!' 
through 29, 1982, November 15 through 19, 1982, and December 7 through 
10, 1982. 
The BLNR in its Findings of Fact, Conclusions of Law, and Decision 
and Order dated February 25, 1983, granted the Estate of James Campbell 
limited exploration rights within a designated area of 800 acres 
located at Kahaualea. 
Subsequent to the BLNR's February 28, 1983 Decision and Order, the 
Hawaii State Legislature passed Act 296, SLH 1983, delegating to the 
BLNR the responsibility of designating geothermal 
throughout the State of Hawaii by selecting those 
') R u~_.-fl\ 
demonstrate an acceptable balance among Efie criteria 
,_ J /.. \ ("" J ....., c:~. .:; ' 
-Aet·. t V\ rr: (....,.. -.. ( · .> ... J \' ~; t 
resource subzones 
areas that best , t ·· 
~-- t t!' ~t) r~ .-~~ .. t'\ 
set feFth in the 
Pursuant to Act 296, SLH 1983, the Chairperson of the BLNR 
assigned the Division of Water and Land Development (DOWALD), of the 
Department of Land and Natural Resources (DLNR) the task of assessing 
and recommending geothermal resource subzones . DOWALD began work on 
the assessment of potential geothermal resource sub zones on June 14, 
1983, when Act 296, SLH 1983 was signed into law. 
In 1984, the Legislature enacted Act 151. This act gave first 
priority to the assessment of the Kahaualea area as a potential 
geothermal resource subzone and required the BLNR to act on the 
designation of the Kahaualea area by December 31, 1984. DOWALD 
assessed the Kahaualea area and proposed a 5300-acre area for 
designation as a GRS. 
Public information meetings and public hearings were held as part 
of the subzone designation process. At the public hearing held on 
September 12, 1984 in Hila, Hawaii, requests for a contested case 
hearing on the proposed Kahaualea GRS, were made to the BLNR and~ 
subsequently granted. The BLNR conducted the contested case hearing on 
December 12-20, 1984 in Hila, Hawaii and issued its Decision and Order 
on December 28, 1984. 
In the Decision and Order of December 28, 1984, the BLNR 
designated the 800-acre area described in its February 25, 1983 
Decision and Order as a geothermal resource subzone subject to the 
following conditions: 
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(1) Cessation of volcanic activity in, around and near the area 
permitted by the Board's February 25, 1983 Decision and Order. 
(2) No new geothermal development activity associated with the 
permitted area shall be considered until after it has been 
determined that the geologically hazardous and eruptive activity 
has ceased, 
In the 1984 Decision and Order, the Board also formally requested 
the Estate of James Campbell to investigate and consider a land 
exchange involving State-owned lands in the Kilauea Middle East Rift 
Zone and Campbell Estate's lands at Kahaualea. The Board stated that 
should the land exchange be consummated, then the 800 acre GRS 
designated by the Decision and Order shall cease to exist and have no 
force or effect in law. 
The BLNR further resolved to consider the Kilauea Middle East Rift 
Zone for designation as a GRS on the basis of information presented at 
the contested case hearing, indicating that the Kahaualea property 
owned by Campbell Estate contained better quality native habitat than 
the area identified as the Wao Kele 'O Puna Natural Area Reserve. 
The Board then directed the Division of Water and Land Development 
to undertake and conduct an assessment of the Kilauea Middle East Rift 
Zone in and adjacent to the Wao Kele 'O Puna Natural Area Reserve 
beginning on the western boundary of the existing Kamaili GRS. This 
area had not previously been evaluated due to its classification as a 
Natural Area Reserve. 
U41~ 
It Sliou-i-6 be notsli 
be state-owned. aAd 9 as 
1 -r.. / c; -.{ t.·-'< · n.~ .l. __ ~..,, 
th~5Ahatural ~rea reservesv ~Mgsw the-lnw, must 
f'-{ (" r t 'yc{p.~~ C,-.4_ 
Sl"l~ the privately owned Kahaualea lands had 
not been previously considered for proclamation as a natural area 
reserve. 
The 1984 Decision and Order further 
,{ 
state? that if (a) the 
assessment of the Kilauea Middle East Rift Zone does not result in a 
designation as a geothermal resource subzone, or (b) a land exchange 
between the State of Hawaii and the Estate of James Campbell is not 
consummated, then the remainder of the 5300 acre Kahaualea area 
originally proposed by DOWALD for designation as a GRS, shall be 
designated as a GRS. 
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~ In this same Decision and Order, the Board also urged the federal 
government and the National Park Service (NPS) to seek acquisition of 
Tract 22 (described in the Volcanoes National Park Master Plan), which 
the State will not itself seek, but which is desired by the NPS for Vo(c c\,."-.'· ,,c.<\ 
ad~-t~_o:' 1 (i~. the"National Park. · ~~ 
\ Pinally, the Decision provided that "U)f the State of 
\•Hawaii and Campbell Estate should later • consumate a land 
j 
/1 exchange involving lands at Kahauale'a for State or other lands 
'upon which a geothermal activities may take place, then 
the geothermal subzone designation in this Decisian and Order 
shall cease to exist and a shall have no force or effect 
. . . . " 
in law ,/-s-Bmant utili ;ed-·the same criteria set forth in Act 296, 
SLH 1983, that was ttseQ is assseeiRg all ether f3!'8,8Sild iilnd designated 
geothe-rmal resource subzone& p ...11 ( .~. ~'l--1{ ~·~'I 
The assessment of the Kilauea Middle East Rift Zone is c!G~umaP.ted 
in the DOWALD Circular C-114 (State Ex. 2, G.S. No. 9/26/85-5) and in 
the proposal to designate the area as a GRS (State Ex. 1, G. S. No. 
9/26/85-5). 
The BLNR held a public hearing on the proposed designation of the 
Kilauea Middle East Rift as a geothermal resource subzone on 
September 26, 1985, and at that time, a request for a contested case 
hearing was made to the BLNR. 
On October 16, 1985 the BLNR announced that a contested case 
hearing would be held on the proposed GRS designation on November 13, 
1985, in Hila, Hawaii. On November 13, 14, and 15, 1985, the BLNR 
conducted a contested case hearing on the proposed designation of 
ll, 745 acres in the Kilauea Middle East Rift zone as a geothermal 
resource subzone. 
III. CHRONOLOGY 
The following is a brief summary of events l!!adi"g n!l:::::t:a:. the 
NO\tember 13, 1~85, contested case heating, proceeding from the initial 
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1 ' : ... ,-·:_~.,. 
'-
Conservatiqn Distt;ict Use application for the Kahaualea Geothermal 
-{ (A.,Iy' 0. u <"t 
Project o/ legislative act:l,o ..n .•s 1-IHJ!t Hte-sueseEjueat &nbzane designation o-f-C,o.~v. St...t-L·_..;,_c-,..1-0..h ,.;.-~ ..... _,rJ _/ r .,.<J.C"• • ___ J..~tl 
preeeso ·~ the designation of the Kilauea Middle East Rift as a GRS. 
It is not intended to be an all inclusive account, but will serve to 
document the sequence of significant events relating to this case. 
3/2/82 A Conservation District Use Application was filed with 
the Department of Land and Natural Resources, Planning 
Office for geothermal development of the Campbell Estate 
Kahaualea property (CDUA No. HA-3/2/82-1463). 
5/20/82 A public hearing on the CDUA was held at the Hila High 
School Auditorium. Requests for a contested case 
hearing on the CDUA were received by the BLNR. 
7/30/82 Department of Land and Natural Resources accepted the 
Final Revised Environmental Impact Statement for the 
Kahaualea Geothermal Project. 
10/5/82 ) 
10/25-29/82) 
11/15-19/82) Contested Case Hearing held on the dates indicated. 
12/7-ll/82 ) 
1/13/82 ) 
2/4/83 BLNR served its proposed Findings of Fact, Conclusions 
of Law and Decision and Order on the parties. 
2/10/83 The BLNR heard final oral arguments by the parties. 
2/25/83 BLNR rendered Decision and Order on Conservation Dis-
trict Use Application (CDUA) File No. HA-3/2/82-1463 for 
Kahaualea Geothermal Project filed by the Estate of 
James Campbell. The BLNR granted Campbell Estate a 
permit to conduct baseline and exploratory activities 
for measuring, monitoring and observing potential 
geothermal resources in a specified area. The permit 
outlined 43 general and specific conditions providing 
guidelines and safeguards for an orderly exploratory 
program. The Decision and Order set time periods for 
eleven conditions where certain actions were required; 
specifically, a one-year ambient air quality survey, 
submittal of an environmental monitoring plan, 
meteorological monitoring, and development and 
submission of an exploration plan. 
1983 Legisla- The Hawaii State Legislature passed Act 296, SLH 
tive Session 1983, delegating to the Board of Land and Natural 
Resources the responsibility for designating geothermal 
-7-
.,......-/ 
6/14/83 
3/12/84 
5/22/84 
7/13/84 
8/24/84 
(amend.) 
1984 Legisla-
tive Session 
resource subzones by selecting areas that can best 
demonstrate an acceptable balance among the factors or 
criteria set forth in the Act. 
Act 296, SLH 1983 signed into law. The Chairperson of 
the Board assigned the task of recommending geothermal 
resource subzones to the Department of Land and Natural 
Resources' Division of Water and Land Development 
(DOWALD). 
Supplemental CDUA Hearing held on volcanic hazards. 
In accordance with Chapter 91 and 205, Hawaii Revised 
Statutes, and Act 296, SLH 1983, public hearings on the 
"Proposed Rules for the Designation and Regulation of 
Geothermal Resource Subzones" were held on all islands 
by the Department of Land and Natural Resources. 
The DLNR Administrative Rule Title 13, Chapter 184, 
describing the procedure for initiating the designation 
of subzones, establishing criteria for designation, 
providing for the modification and withdrawal of 
existing subzones, and providing for the regulation of 
geothermal resource subzones was formally adopted by the 
BLNR. 
State Legislature adopted Act 151, SLH 1984, 
the rights of existing lessees holding 
mining leases issued by the State or 
The Hawaii 
clarifying 
geothermal 
geothermal 
development 
ments. Act 
the State 
geothermal 
sub zones. 
developers holding exploratory and/or 
permits from either State or County govern-
151 also clarifies the respective roles of 
and County governments in controlling 
development within geothermal resource 
Act 151 also assigned first priority to the assessment 
of the Kahaualea area as a potential geothermal resource 
subzone by requiring the BLNR to act on the proposed 
designation of the Kahaualea area by December 31, 1984. 
5/25/84 Act 151, SLH 1984, signed into law. 
May-July 1984 A series of public information meetings on the subzone 
designation process were held by the Division of Water 
and Land Development on the following days at the 
locations indicated. 
May 8, 1984 
May 9, 1984 
May 29, 1984 
May 30, 1984 
Hila, Hawaii 
Kahului, Maui 
Hila, Hawaii 
Kahului, Maui 
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9/10-12/84 
9/12/84 
11/16/84 
12/12-20/84 
12/24/84 
12/28/84 
2/12/85 
2/18/85 
3/13-14/85 
5/15-16/85 
July 10, 1984 
July 27, 1984 
July 30, 1984 
Puna Community Council, Hawaii 
Ulupalakua, Kanaio, Maui 
Pahoa Community Council, Hawaii 
A series of public hearings on the proposed designation 
of geothermal resource subzones were held on the 
following dates at the locations indicated. 
September 10, 1984 
September 11, 1984 
September 12, 1984 
September 12, 1984 
Kula Elementary School, Maui 
Pahoa Elementary School, Hawaii 
Campus Center, UH-Hilo, Hawaii 
Volcanoes National Park, Hawaii 
A contested case hearing was requested at the Hila 
public hearing on the designation of the Kahaualea area 
as a geothermal resource subzone. 
The BLNR designated the Kilauea Lower East Rift (Kapoho 
and Kamaili sections) and the Haleakala Southwest Rift 
as Geothermal Resource Subzones. 
A contested case hearing on the designation of Kahaualea 
as a GRS was held at the State Office Building in Hila. 
All parties to the contested case hearing submitted 
their proposed findings of fact and conclusions of law 
to the BLNR. 
The BLNR rendered a preliminary Decision and Order in 
the matter of the proposed designation of the Kilauea 
Upper East Rift (Kahaualea) Island of Hawaii, as a GRS. 
The Estate of James Campbell received approval from the 
Chairperson of BLNR for right of entry into the Puna 
Forest Reserve and Wao Kele 'O Puna Natural Area Reserve 
to conduct a preliminary ground reconnaissance of the 
area. 
Field survey undertaken to relocate air quality monitor-
ing instruments as part of the assessment of the Kilauea 
Middle East Rift Zone in and adjacent to the Natural 
Area Reserve. 
Public information meetings held at Keaau and Pahala to 
report on the most likely location of geothermal 
resources in the Kilauea Middle East and Southwest Rift 
Zones. 
Second set of public information meetings held at Pahoa 
and Pahala and focused on the identification of impact 
issues in the two areas being considered for subzone 
-9-
9/26/85 
9/26/85 
10/25/86 
10/25/85 
10/25/85 
11/1/85 
11/7/85 
11/13/85 
designation. Public review and comment was solicited at 
each meeting held. 
Public hearings were held on the designation of the 
Kilauea Middle East Rift Zone and the Kilauea Southwest 
Rift Zone as a GRS. 
A contested case hearing on the proposed GRS designation 
of the Kilauea Middle East Rift Zone was requested at 
the public hearing held in Pahoa, Hawaii. 
The BLNR approved the amendment to the December 28, 
1984, Decision and Order concerning the proposed GRS at 
Kahaualea, Hawaii. In the original Decision and Order, 
the Board opted to exclude "Tract 22" (containing 5795 
acres) from the lands being proposed for exchange. 
However, pursuant to discussions between the State of 
Hawaii, Campbell Estate, and the National Park Service, 
the BLNR moved to amend the Decision and Order to 
include the parcel of land known as "Tract 22" as part 
of the lands proposed for exchange between the Estate of 
James Campbell and the State of Hawaii. 
The BLNR formally approved the exchange of Campbell 
Estates Kahaualea land, identified by Tax Map Keys 
1-1-01:portion of 01 and 1-2-08:01 at Kahaualea, Puna, 
Hawaii consisting of 25,807.055 acres for State land in 
Puna, Hawaii, identified by Tax Map Keys 1-2-10:01, 02, 
03 consisting of 27,785.891 acres. Also, the 
designation of the Kahaualea area as a Natural Area 
Reserve is planned to take effect subject to the 
consummation of the land exchange and legislative 
approval. 
The BLNR approved the cancellation of the Governor's 
Executive Order No. 3103 covering the land area 
described as the Wao Kele 'O Puna Natural Area Reserve 
identified by TMK: 1-2-10:03 pursuant to the Decision 
and Order of December 28, 1984; cancellation is to take 
effect upon the consummation of land exchange subject to 
legislative approval. 
First prehearing conference held at the office of the 
Division of Water and Land Development, Honolulu, 
Hawaii. 
Second prehearing conference held at the same location. 
Palikapu Dedman and Emmet Aluli granted intervenor 
status by the BLNR. 
-10-
11/13-15/85 
12/4/85 
12/20/85 
The contested case hearing on the proposed designation 
of the Kilauea Middle East Rift as a GRS was held in 
Hilo, Hawaii. 
Seven of the eight parties to the hearing submitted 
their proposed findings of fact and conclusions of law 
to the BLNR. 
The BLNR issued its Decision and Order on the desig-
nation of the Kilauea Middle East Rift GRS with the 
Findings of Fact and Conclusions of Law to be issued 
spearately. 
IV. LEGAL FRAMEWORK: Chapter 205, HRS. 
V. FINDINGS OF FACT 
This section discusses the Board's general findings regarding the 
factors listed in Act 296, SLH 1983, which were assessed in designating 
the Kilauea Middle East Rift GRS. 
These factors are: 
a. The area's potential for the production of geothermal 
energy; 
b. The prospects for the utilization of geothermal energy 
in the area; 
c. The geologic hazards that potential geothermal projects 
would encounter; 
d. Social and environmental impacts; 
e. The compatibility of geothermal development and poten-
tial related industries with present uses of surround-
ing land and those uses permitted under the general 
plan or land use policies of the county in which the 
area is located; 
f. The potential economic benefits 
geothermal development and 
industries; and 
to be derived from 
potential related 
g. The compatibility of geothermal development and poten-
tial related industries with the uses permitted under 
sections 183-41 and 205-2, where the area falls within 
a conservation district. 
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h. In addition, the board considered, where applicable, 
objectives, policies and guidelines set forth in part I 
of chapter 205A, the Hawaii Coastal Zone Management 
Act, and the provisions of chapter 226, the Hawaii 
State Planning Act. (§205-5.2(b), HRS; Chapter 13-184, 
Hawaii Administrative Rules of the DLNR; State Ex. 14, 
p. 3) 
A. Area's Potential for Production of Geothermal Energy 
1. Production of electrical energy from a geothermal resource 
utilizing present day technology requires that the geothermal resource 
have a temperature greater than 125°C at a depth of less than 3 km and 
a permeable geologic formation that permits adequate recharge of water 
into the geothermal reservoir. 
2. The presence of a geothermal resource with potential for 
production of electrical energy can be determined by examining specific 
geological, geophysical and geochemical data. 
3. A Geothermal Resources Technical Committee consisting of 
experts in geothermal resource research in Hawaii completed a statewide 
geothermal resource assessment, as mandated by Act 296, SLH 1983. 
4. The statewide geothermal resource assessment was based on a 
qualitative interpretation of regional surveys and available 
exploratory drilling data going back 15 to 20 years. 
5. The committee's assessment of regional data included the 
following geological, geophysical and geochemical data: 
a. Ground water temperature data. Near surface water 
having temperatures significantly above ambient, 
indicative of a possible nearby geothermal reservoir. 
b. Geologic age. Recent eruptive activity and the 
evidence of surface features such as rift zones, 
calderas, vents and active fumaroles. 
c. Geochemistry. Ground water having 
anomalies related to the interaction 
temperature rock and water. Some of the 
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geochemical 
between high 
indicators of 
thermally altered ground water are anomalously high 
silica (Si0 2 ), chloride (Cl) and magnesium (Mg) concen-
trations. In addition, the evidence of above normal 
concentrations of trace and volatile elements such as 
mercury (Hg) and radon (Rn) may indicate leakage of 
geothermal fluids into nearby rock structures. 
d. Resistivity. The electrical resistivity of the subsur-
face rock formation is affected by the salt content and 
temperature of circulating ground water. Therefore 
rocks saturated with warm saline ground water have 
lower resistivities than rocks saturated with colder 
ground water. 
e. Infrared surveys. Infrared studies of land surface and 
coastal ocean water can identify thermal spring dis-
charges and above-ambient ground temperatures. 
f. Seismic. Seismic monitoring of the frequency and 
clustering of earthquakes can identify earthquake 
concentrations that may be related to geothermal 
systems. 
g. Magnetics. Aeromagnetic surveys have identified 
magnetic anomalies associated with buried rift zones 
and calderas. Also, rocks at high temperature or those 
that have been thermally altered, have substantially 
different magnetic properties than normal rock strata. 
h. Gravity. Gravity surveys can provide information on 
the location of subsurface structural features such as 
dense intrusive bodies and dike zones. 
i. Exploratory drilling. Data acquired from deep explor-
atory wells can confirm the existence of high tempera-
tures and determine if there is adequate permeability 
necessary for development. 
j. Self-potential. Self-potential anomalies (natural 
voltages at the earth's surface) have been found to be 
highly correlated with subsurface thermal anomalies 
along the Kilauea East Rift. 
6. No single geothermal exploration technique, except for 
exploratory drilling is capable of positively identifying a subsurface 
geothermal system. 
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7. A high temperature geothermal resource area is defined as an 
area having an assessed probability of at least a 25% chance of finding 
a geothermal resource with a temperature greater than 125°C at a depth 
of less than 3 km. 
8. The Geothermal Resources Technical Committee concluded that 
there are seven high temperature geothermal resource areas in the State 
of Hawaii: 
Area Percent Probability 
Haleakala s.w. Rift Zone, Maui 25% or less 
Haleakala East Rift Zone, Maui 25% or less 
Hualalai, Hawaii 35% or less 
Mauna Loa s. w. Rift Zone, Hawaii 35% or less 
Mauna Loa N.E. Rift Zone, Hawaii 35% or less 
Kilauea s. w. Rift Zone, Hawaii Greater than 90% 
Kilauea East Rift Zone, Hawaii Greater than 90% 
9. Two areas were assessed to have a probability of greater than 
90% chance of finding a high temperature resource. They are the 
Kilauea Southwest Rift Zone and the Kilauea East Rift Zone on the 
island of Hawaii. 
10. Currently available studies demonstrate positive geochemical 
and geophysical data, including recent eruptive and intrusive activity, 
indicating that there is a greater than 90% chance of finding a high 
temperature geothermal resource along the entire length of the Kilauea 
East Rift Zone. 
11. These high temperature resource area were mapped by the 
Geothermal Resource Technical Committee and are defined by boundaries 
which indicate a greater than 90% chance of finding a high temperature 
resource. Areas having a 25% to 90% probability were also defined by 
boundaries indicating 25% chance of finding a high temperature 
resource, as shown on State Exhibit 4 (G.S. No. 9/26/85-S). 
12. The Kilauea Middle East Rift GRS is located along the Kilauea 
East Rift Zone and includes within its boundaries the 90% probability 
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area as well as a portion of an area having less than 90% probability 
to the north as shown on State Exhibit 4. 
13. The Kilauea Middle East Rift GRS is adjacent to a portion of 
Kilauea east rift zone now designated as the Kamaili GRS and the upper 
east rift area known as Kahaualea. 
14. Commercially feasible quantities of steam have been confirmed 
by deep exploratory drilling in the lower east rift. 
15. The presence of a permeable zone that permits an adequate 
recharge of water to the geothermal reservoir in the Kilauea Middle 
East Rift GRS can be confirmed only by exploratory drilling and flow 
testing of deep exploratory wells. Exploratory geothermal well 
drilling can only be carried out within a designated GRS. 
16. The Board finds that the Kilauea Middle East Rift Zone, as 
proposed for GRS designation, possesses a high potential for a 
developable geothermal resource, but that this potential must be 
confirmed by exploratory drilling and flow testing. 
B. Prospects for Utilization of Geothermal Energy in the Area 
17. The Hawaii State Energy Plan sets forth the objective to 
explore and develop alternate energy resources to accelerate the 
transition from fossil fuel to an indigenous renewable energy economy. 
18. Interest in development of geothermal resources was 
stimulated by a request for proposal (RFP) issued in 1980 by HELCO. 
The RFP was for geothermally generated electrical power to meet future 
demands in 1988. 
19. Based upon geothermal permit applications to DLNR and the 
County of Hawaii, in addition to continued developer interest, the 
potential use and development of this resource is clearly evident. 
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20. The designation of the Kilauea Middle East Rift GRS is in 
accordance with the goals and objectives of the County of Hawaii. The 
energy element of the County General Plan sets forth the goal to become 
energy self-sufficient and to establish the development and use of the 
island's natural energy resources. 
21. The County's policy provides for the development and research 
of alternate energy resources. This provision is based on the County's 
dependence on imported oil, the vulnerability to changes in the global 
oil market and the island's potential natural energy resources. 
22. Federal PURPA regulations require public utilities to 
purchase electrical power produced from alternate sources such as 
geothermal energy. 
23.HELCO has stated their goal to utilize geothermal energy as 
part of the island's source of electricty and that it holds the most 
promise for firm base load power. Sixty percent of the island's 
current electrical needs are derived from fossil fuel and HELCO is 
looking towards meeting these demands through alternate energy sources 
and reducing their dependence on oil-fired electrical generation. 
24. Based on HELCO's 5-year forecast and the possible closing of 
the Puna Sugar Company, HELCO is planning for alternate sources of 
electrical power generation. In order to meet these future demands, 
HELCO is considering geothermal energy as a possible reaource, 
25. The current 
estimated at 8.25 MW. 
anticipated need for electricty by 1988 is 
This additional demand could be satisfied by the 
installation of 3 new diesel-fired generators. However, a minimum 13 
MW unit would be required since that is the smallest unit that could be 
economically installed. 
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26. If a firm commitment was made to install a 13 MW geothermal 
plant by late 1988, then HELCO could defer the installation of a diesel 
generating unit until 1991. 
27. HELCO has stated that if they are unable to purchase 
electricty from the sugar companies in 1991, they would conceivably 
need another 13 MW of power and possibly another 14 MW in 1993 if the 
HCPC contract is not renewed. Therefore, a total of 40 MW could be 
required by 1993. 
28. There are no planned schedules to retire any of HELCO' s 
oil-fired plants; however, HELCO has stated that should a firm 
alternate power source be developed, HELCO would consider retiring 
their older geen_rators by replacing them with geothermal powered 
electrical units. 
29. If HELCO were to replace all fossil fuel generators with 
alternate energy resources in order for the County of Hawaii to become 
energy self-sufficient by 1990_, the island of Hawaii would require in 
excess of 100 MW of.~l~ctrical,powerby_ that_ daJJ·j ( '' ,.,._' .. -~ ( 
' ( ' 
30. HELCO is planning to construct a new transmission line to 
transport electricity from east Hawaii to west Hawaii. Should 
development in west Hawaii require addtional electricity, it is HELCO's 
plan to transport electricity from east Hawaii, where potential 
geothermal resources are located. 
31. HELCO has stated that the energy needs of the island of 
Hawaii could be fulfilled through a combination of diesel, wind, hydro, 
and biomass generation, dependent however, upon the actual load growth 
of the island and the reliability and economics of the type of 
electrical generation that is used. 
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32. The island of Oahu, lacking sufficient alternate energy 
resources, accounts for 80% of the State's total consumption of 
electricity. 
! C: _(cc,C. dd r (, ~·'! .,--' I ' I ( 
3~{ ~:i'{.,. deep-water electrical transmission cable is 
being developed.to connect the islands of Hawaii and Oahu. This cable, 
,' ,;..-'" /' .'' .. ,., ' ' ' '' . ··' 
if . commercially feasible, would increase the demand for geothermally 
generated electricty. 
w i(( <t.D 
1 . 34. The design and construction of the prototype cable .~ 
-\ .<:> ., +-€' cl 'l'A ~~~r~uj~e~e~c~e~d~foi~ 1987 when a 30,000-foot length of test cable will be laid 
in the ocean channel between the Big Island and Maui. 
35. The exploration and development of alternate energy such as 
geothermal resources should be coordinated with the development and 
installation of the undersea cable. In order to meet the future 
electrical demands created by the potential installation of the 
inter-island cable, geothermal resource confirmation and development is 
required. 
36. The Board finds that there are definite prospects for 
utilization of geothermal energy in the Kilauea Middle East Rift GRS. 
C. Geologic Hazards 
37. The same volcanic activity that provides the source of 
geothermal energy also creates potential geologic hazards to 
development. These potential hazards include lava flows, pyroclastic 
fallout, ground cracks, subsidence, earthquakes, and tsunami. 
Lava Flows 
38. Geology is not an exact science. The time and location of 
eruptions cannot be predicted with any degree of certainty. 
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39. Past geologic episodes can give some idea of future events; 
however, it is difficult or impossible to accurately predict the future 
occurrence of geologic hazards with any degree of scientific certainty. 
40. The Kilauea Upper East Rift Zone is more subject to 
inundation by lava flowx than is the lower east rift zone. Puu O'o is 
presently providing the least resistive path to the surface for 
intrusive magma along the Kilauea East Rift Zone. Although impossible 
to predict, it is unlikely that eruptions will occur downrift while the 
Puu O'o eruptions continue. 
41. Lava being fluid in nature, tends to flow directly down the 
steepest available slope and follows the path of least resistance. 
42. The southern portion of the rift is therefore more prone to 
be covered by lava flows than the northern portion. The elevation of 
mildly sloping ridges north of the rift zone axis offer protection from 
lava hazards. 
43. The entire Kilauea East Rift Zone is potentially vulnerable 
to future lava flow inundation. However, mitigation measures are 
available to reduce or eliminate the risks from this hazard. 
44. Several construction techniques are available which can 
mitigate the damage caused by lava flows; these include strategic 
siting, diversion berms and barriers, enclosed well cellars, evacuation 
planning, use of "bridge plugs", and decentralization of power plants 
to lessen the chance that one lava flow could damage a large capacity 
plant. 
45. Geothermal pipeline supports can also be protected against 
lava flows by utilizing localized barriers or special support 
structures. 
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46. If a sufficiently large hill is not available for strategic 
siting, a plant or well could be protected by constructing an 
)".-'! (l. ·' ' '·- f 
earth-and-rock platform seo e.-al 1 meters high. Depending on the 
perceived risk from 
•~ffieieatly fortified 
lava flow hazards, wells or plants 
,..,. 0 ' ( 
to withstand almost any. lava flowS 
can be 
47. Another well-protection alternative is to enclose the 
wellhead in a concrete cellar that would allow the lava to flow above 
rather than around the wellhead. Use of modern metallurgy, surface 
' ,., 
valves and blowout preventers ~_also provide further security from 
potential lava flows. 
48. Comprehensive evacuation plans can be implemented to assure 
worker safety. Procedures can be established to protect equipment and 
multiple access roads can be provided in the event one gets covered by 
a flow. 
49. The· development ·shiiil't1i"' coordinate contingency planning with 
government field geologists (e.g. Hawaiian Volcano Observatory) and 
local civil defense authorities to ascertain when an eruption appears 
imminent and what subsequent action should be taken. Escape and 
abandonment proc~dures may_ be flex,ible. but. shou~d be ~.r,~;;,~t~ed 
cle;ar. TRe S!illUilopers Ra'i:e ~een ~i:wiftg this area .their. .. attenti-onl 
(•""- 'S . .,..;_ ·r ,, ·~ , . .. . 
.. •,' -· 
and 
so. If a lava flow i• imp2ndins· ~ well drilling, the well 
can be fitted with a pressure and temperature resistant "bridge plug" 
to safely isolate and protect the lower, resource-bearing, portion of 
the well. These plugs can be installed in one hour. 
51. Trip wires, placed in expected lava flow paths, can alert 
development personnel as to the distance and speed of the oncoming 
flow. The crew can then take appropriate action in accord with their 
preexisting evacuation plan. 
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Pyroclastic Fallout 
52. The weight and depth of pyroclastic fallout can be 
appreciable as fa• as even Si)O-"'l!- 1,000 meters away from an eruptive 
vent or fissure. Larget:, fragme.nts tend to fall close to the vent,. 
bYi'iisg(~ones ~hat may ~'t~~~ fat meters high. Smaller particles can 
form a long, narrow blanket many feet thick downwind of the vent. 
53. Prevailing easterly tradewinds are likely to carry fallout 
originating within the rift zone away from the Kilauea Middle East Rift 
Zone in a westerly direction. 
54. In 1959, a blanket of pyroclastic fallout from Kilauea Iki 
vent in Kilauea's upper east rift zone extended approximately 3 km 
south of the rift. 
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55. Cooling iowers may be affected by pyroclastic fallout, but 
roofs can be designed and constructed to mitigate this potential 
impact. 
56. Protecting structures or machinery against damage from 
pyroclastic fallout can be achieved by enclosing those parts vulnerable / 
U.JcJ! 
shqpld be strong,eAevisg 
""'"\·II r, .~,.,~ " 
.tees-ftei:·accumulate•''l f 
to abrasion or contamination. Building roofs 
.. -{ ('' ," ,· I' ' "I 
atsufficient p~tch eeee~t~h~at-pyroclastic fallout 
Ground Cracking and Subsidence 
57. Ground cracking and subsidence related to magma movements are 
concentrated along volcanic rift zones which are narrow and clearly 
defined features along the entire Kilauea East Rift Zone. 
58. Tectonic ground cracking is usually localized in definable 
zones such as in the Hilina and Koae fault systems. 
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59, Some cracks may not be positively identifiable because of 
existing forest cover. 
60. Based on the frequency of cracks and eruptions, there would 
be a greater hazard at Kahaualea than there would be downrift. 
61. Depths of surface cracks are unknown. Any cracks that 
develop below the caprock in a geothermal reservoir should not be a 
problem. 
62. Most cracks are vertically pitched making it possible, but 
not probable, that a crack would intercept a vertical well-bore. 
63. A fault could intersect a well-bore without causing any 
damage. The fault could seal off the well or the faulting could crimp 
the end of the casing and not allow the fluids to escape. 
64. Contingency planning would include the best available methods 
for sealing a well-bore should a crack intercept a producing well. 
65. No impact from cracks was experienced by any of the existing 
wells despite the fact that at least two of the six wells were sited 
close to surface cracks. 
66. In Hawaii, subsidence from geothermal fluid withdrawal is not 
likely to be a problem, since the islands are generally composed of 
self-supporting basaltic rock, 
67. Subsidence along rift zones are associated with magma 
intrusion. Intrusion of magma at Kilauea, sometimes leading to 
eruptions, often produce offsets of the ground along the rifts of the 
volcano. 
68. Ground subsidence has historically been limited to the rift 
zone or to areas south of the rift zone. 
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69. Subsidence may be caused by fault displacement associated 
with tectonic activity along major fault systems such as Hilina. 
70. Hazards from ground cracking and subsidence can be minimized 
by siting facilities away from the central rift zone and known surface 
cracks. 
71. Installation of automatic well shut-off devices and pipeline 
block valves, in addition to constructing stream transmission piping 
with expansion joints, can mitigate hazards caused by appreciable 
subsidence and ground movements. 
72. Geologic surveys should be utilized to ensure site stability 
for proposed development areas. 
Earthquakes 
73. ·Most earthquakes in Hawaii are volcanic in origin, and result 
from near surface magma movements. These earthquakes are small in 
magnitude and usually cause little direct damage. 
74. Earthquakes are more frequent south of the east rift zone as 
substantiated by data collected by the Hawaiian Volcano Observatory. 
75. The largest recent earthquake (magnitude 7 .2) occurred in 
1975 about 5 km southwest of Kalapana. 
76. A November 1983 earthquake located in the Saddle area between 
Mauna Loa and Kilauea registered 6.6 on the Richter scale, but did not 
cause any damage to the HGP-A facility. 
77. Geothermal facilities should be designed to resist the normal 
range of earthquakes which occur in Hawaii. 
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Tsunamis 
78. Tsunami hazard is localized to a zone of land approximately 2 
km wide around the coast and at elevations below 75 feet. 
79. The proposed Kilauea Middle East Rift GRS is located at 
elevations generally above l ,400 feet and will not be impacted by 
tsunamis. 
80. If geothermal development investors assume a major portion of 
the economic risk of loss resulting from geologic hazards, then 
developers would have a clear economic incentive to utilize appropriate 
mitigation measures to select sites which offer the optimum balance of 
safety and productivity. 
81. The State in the conservation district or counties in the 
urban, rural, or agriculture districts may impose conditions to be met 
by the developers prior to the granting of permits. 
82. The Board finds that the geologic hazards associated with 
geothermal development activities in the proposed Kilauea Middle East 
Rift GRS can be properly mitigated by developer action and subsequent 
government permitting. 
D. Social and Environmental Impacts 
83. Social and environmental concerns include air quality, water 
quality, noipe, impacts to the community environment, eeneeraiag 
f'e ·,,c.,\ OY '. 
lifestyleland cultural practices, aesthetic impacts and impact to flora 
and fauna, pzesent in &:fie proposed: CR~ 
84. Social concerns generally involve health and noise aspects, 
potential changes to lifestyle, culture and community setting, and 
aesthetics. Social impact analysis should consider actual physical 
changes as well as people's perceptions, attitudes and concerns regard-
ing geothermal resource development and operation. 
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85. The assessment of environmental impacts considers potential 
physical changes in air quality, surface and ground water quality, 
ambient noise conditions and impacts to flora and fauna within the GRS. 
86. Potential impacts to flora and fauna may arise from changes 
in air quality, surface and ground water quality, ambient noise 
conditions, and may also be due to the actual physical disturbance of 
the area that plants and animals occupy, through outright destruction 
of the habitat, or the introduction of exotic species which displace 
native species. 
Air Quality 
87. The health aspects of air emissions from geothermal 
development involve the effects of chemical, particulate, and trace 
element emissions. 
88. Environmental risks are due primarily to atmospheric 
emissions of non condensing gases. Hydrogen sulfide, sulfur dioxide, 
particulate sulfate from the atmospheric oxidation of hydrogen sulfide, 
mercury, and radon are the major gaseous compounds and elements of 
concern. 
89. Emissions of sulfur, mercury, and other volcanic gases are a 
continuous natural process along active volcanic rift zones, such as 
the Kilauea East Rift. Kilauea Volcano is known to emit 200 tons a day 
of sulfur dioxide. Quantification of pre-geothermal development 
concentrations of naturally occurring emissions is essential in order 
to assess any future changes in emission concentrations resulting from 
geothermal development. 
90. Quantification of pre-geothermal development emissions has 
been undertaken by the State of Hawaii Department of Planning and 
Economic Development in a two-year environmental baseline survey, 
documented in a report entitled, "Baseline Air Quality, Kilauea East 
Rift". 
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91. The principal parameters measured in the baseline survey 
include atmospheric concentrations of particulate matter, sulfur 
dioxide gas, hydrogen sulfide gas, chlorine gas, carbon monoxide gas, 
elemental mercury vapor, radon, elemental, and organic content of the 
particulate material, rainwater pH, elemental and anionic content of 
rainwater, and wind speed and direction. 
The study indicates the following ambient conditions: 
a. Total Suspended Particulates (TSP) are very low and generally 
consist of sea-salt aerosal, road and soil dust, volcanic 
emissions, diesel exhaust and organic matter. 
b. Sulfate particulate matter, and under certain conditions heavy 
metals contained in particulate matter can be related to volcanic 
emissions. 
c. Current hydrogen sulfide and chlorine gas levels are very low and 
well below biological impact levels. 
d. Occasional short-term hydrogen sulfide episodes at modest concen-
trations, but of short, less than a day, duration have been 
observed. 
e. Sulfur dioxide concentrations due to volcanic activity can exceed 
for days at a time standard values, values typical of urban areas, 
and human health and plant impact values. Higher S02 values have 
been measured in the upper part of the Rift Zone than in the lower 
portion. In the absence of volcanic impact, S0 2 values are low. 
f. Rainwater in Puna and Kau is slightly acidic. Acidification is 
due not only to volcanic emissions but also to long-range trans-
port from sources across the Pacific. 
g. All trace elements measurable were found to be below drinking 
water quality standards. 
h. Ambient mercury and radon values were more or less typical of 
atmospheric values nationwide. However, the impact of volcanic 
emissions on the atmospheric radon content could be seen by noting 
the higher values measured at the site closest to the current 
eruption area in Kahaualea. 
92. The State of Hawaii Department of Health has proposed Ambient 
Air Quality Standards to control hydrogen sulfide and particulate 
emissions from geothermal wells and hydrogen sulfide emissions from 
power plants. Although the standards initially proposed have been 
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withdrawn for the purpose of additional review, the Board expects that 
Ambient Air Quality Standards for geothermal wells and power plants 
will eventually be adopted. 
93. Abatement technology has been described in the study, 
"Evaluation of BACT for Air Quality Impact of Potential Geothermal 
Development in Hawaii", prepared for the United States Environmental 
Protection Agency by the firm of Dames and Moore and published in 
January 1984. 
94. The recommended H2 S abatement system, the "Stretford System", 
is capable of removing over 99% of the H2 S contained in the 
non-condensable gases. 
95. The initial standards proposed by the State Department of 
Health for geothermal developments required removal of 98% of the H2 S 
present. Use of the Stretford system would enable facilities to comply 
with the initially proposed standard. 
96. An assessment of potential air quality emissions was made 
utilizing data gathered at the operating HGP-A well and power plant 
site, under the assumption that BACT would be utilized in addition to 
EPA-developed air dispersion models. Based on these calculations, 
potential H2 S emissions during normal power plant operations, for both 
a 25 and 50 megawatt plant, were found to be well below the initially 
proposed Hawaii Ambient Air Quality Standard for H2 S. 
97. 
potential 
H2 S emissions during well 
to exceed proposed ambient 
bleeding operations have the 
air quality standards. This 
potential can be eliminated by developing and implementing measures for 
use during well bleeding operations. 
98. Given the characteristics of the HGP-A reservoir fluids and 
the BACT required to comply with proposed state air quality standards, 
geothermal facility cooling tower emissions are not expected to be 
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toxic and the plume of the cooling tower would consist entirely of 
water vapor. Brine from the plant will be reinjected back into the 
geothermal reservoir. 
99. Abatement of Radon-222 is unnecessary since the level emitted 
from the geothermal power plant is lower than most indoor levels where 
cement in buildings emit radon. 
100. Calculations of potential particulate and trace element 
emissions on ambient air quality were prepared as a part of the "BACT" 
study. This data indicated that a project similar to that initially 
proposed at Kahaualea does not have the potential to exceed applicable 
EPA air quality guidelines for these compounds. 
101. Utilization of the best available control technology, such 
as the Stretford System, or a burner-scrubber system, will reduce the 
emissions from geothermally generated electricity to levels far below 
that generated by more conventional fossil fuel electrical energy 
production currently in operation today in Hawaii. 
Water Quality 
102. Although the Kilauea Middle East Rift zone has no perennial 
streams, surface disposal of geothermal fluids would not be permitted. 
103. Geothermal fluids, most of which have a total dissolved 
solids content greater than 1000 ppm are commonly disposed of by 
reinjection into the geothermal reservoir. 
104. Ground water will not be adversely affected because 
geothermal wells and reinjection wells are drilled past ground water 
aquifers and surface casing is set and cemented through a competent 
subsurface formation below the basal water lens. 
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105. The drilling, casing, installation, maintenance, and 
abandonment of all geothermal and injection wells will be regulated and 
monitored to protect the ground water aquifer. 
106. The State Department of Health has established an 
Underground Injection Control (UIC) program designed to protect the 
state's underground sources of drinking water under Chapter 340 of the 
Hawaii Revised Statutes. This law regulates all types of underground 
injection including geothermal fluids, such that underground sources of 
drinking water will not be polluted. 
Noise 
107. Noise from the development and operation of a geothermal 
facility is generated by three sources: (a) construction of roads, 
pipelines, powerlines and buildings; (b) geothermal well drilling and 
well testing or venting; (c) geothermal power plant operations. 
108. Noise generated by construction activity usually involves 
use of standard construction equipment such as bulldozers, trucks, and 
graders over a limited time period and ranging from 40 to 125 decibels, 
depending on the distance from the well or power plant site. 
109. Within 100 feet of a drill rig, the noise generated will 
vary between 60 and 98 decibels with the use of a noise muffler. 
110. Initial well venting or testing noise varies from 90 to 125 
decibels; however, this noise can be mitigated by use of a stacked pipe 
insulator or cyclone muffler. Periodic operational well venting would 
generate about 50 decibels using a pumice filled muffler. 
111. Power plant noise levels are expected to be low and should 
result in slightly audible noise or none at all at most receptor sites. 
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112. Although noise levels associated with geothermal development 
and operation are comparable to industrial and electrical power plants 
of similar size, a continuous noise level of 75 dBA at 100 feet from 
the power plant is considered to be readily achievable. 
113. The impact and intrusiveness of noise from geothermal 
operations is dependent on the meteorological conditions, the intensity 
of the noise source; the sound propagation, conditions existing between 
the source and the listener, the ambient noise at the receptors, as 
well as the level of activity in the vicinity of the receptor at the 
time the noise is generated. 
114. Ambient noise levels are expressed as day-night noise levels 
(Ldn) where a 10dB reduction is given for noise levels during the 
night-time period between 10:00 pm and 7:00 am. 
115. The long-range strategy of the U.S. Environmental Protection 
Agency is to achieve a goal of 55 Ldn (45 dBA) which will ensure 
protection of public health and welfare. The Environmental Protection 
Agency's "Protection Noise Level" recommends noise levels, which have 
been defined by a negotiated scientific consensus developed without 
concern for economic and technological feasibility and intentionally 
conservative to protect the most sensitive portion of the American 
population including an additional margin of safety. These levels can 
be viewed as levels below which there is no reason to suspect that the 
general population will be at risk from any of the identified effects 
of noise. 
116. In May 1981, the County of Hawaii Planning Department issued 
its "Geothermal Noise Guidelines" to provide proper control and 
monitoring of geothermal-related noise impacts. These guidelines set 
standards that are stricter than those standards used on Oahu and 
statewide, because of the lower existing ambient noise levels evident 
on the island of Hawaii. 
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117. The County of Hawaii geothermal noise guidelines state that 
a general noise level of 55 decibels during the daytime and 45 decibels 
at night may not be exceeded at existing residential receptors which 
might be impacted. 
118. The design standard for the HGP-A Wellhead Generator Project 
specifies that the noise level one-half mile from the well site must be 
no greater than 65 decibels; however, construction of a rock muffler at 
the facility has reduced noise levels to 44 decibels at the project 
fence line. 
119. The type of housing common in and nearby the Kilauea East 
Rift, as found in the Fern Forest and Volcano communities, will result 
in further reduction of noise levels, from outside to inside of at 
least 15 decibels. Thus, an outside noise level of 45 dBA will reduce 
to an inside level of 30 dBA or less, which is lower than the 
Environmental Protection Agency's 32 dBA level for sleep modification. 
120. The Board therefore finds that noise associated with 
geothermal development can be effectively mitigated to comply with the 
County of Hawaii noise guidelines for geothermal development, 
Lifestyle, Culture and Community Setting 
121. Potential changes to the lifestyle, culture and community 
setting represent a major social concern of Puna residents. 
122. Although health and noise impacts may be adequately 
mitigated, Puna residents tend to perceive geothermal development as an 
introduced change leading toward industrial and urban development of 
Puna's essentially rural environment. 
123, Community surveys completed in 1982 reveal a wide range of 
perceptions about geothermal development. While some residents believe 
their health has been affected by geothermal development, others find 
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only the odor from geothermal facilities to be objectionable. Some 
residents perceive geothermal development as neither good or bad for 
Puna, while others readily balance potential economic benefits with the 
environmental and social costs. 
124. Surveys also reveal those aspects of life in Puna that 
residents value. Puna residents seem to prefer the rural, uncrowded, 
country-like atmosphere of Puna, its aesthetic physical environment and 
its characteristic lifestyle. 
125. Surveys further reveal that some Puna residents engage in 
traditional subsistence activities, such as hunting and gathering of 
food and collection of medicinal plants and maile (a scented shrub used 
in traditional leis) in areas which may be developed for geothermal 
facilities. Such activities could be minimally affected by geothermal 
facility development. 
126. Although the proposed GRS presently serves no known economic 
use except for limited plant gathering, it does provide open space for 
residents of adjacent residential and agricultural subdivisions. A 
portion of the GRS is planned for use by geothermal facilities; 
however, this loss of open space will be offset by the designation of 
the pristine native forest at Kahaualea as a natural area reserve and 
the expansion of Volcanoes National Park through the acquisition of 
Tract 22 forming an uninterrupted large open space open to public use. 
127. The Puna district has experienced changes in lifestyle, 
culture and community setting in recent years due to the influx of new 
residents. New residents associated with geothermal development are 
expected to contribute in a minor way to the lifestyle, cultural and 
community changes already evident in Puna. 
128. Designation of the Kilauea Middle East Rift as a geothermal 
resource subzone and subsequent development of geothermal facilities 
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can be accomplished with the proper controls, designed to minimize the 
industrial aspects of such a facility. 
129. The Board finds that social impacts can be minimized and a 
quality rural environment maintained in Puna, by the proper siting of 
facilities, landscaping, aesthetic facility design, and through the 
control and monitoring of air quality and noise. 
Historical and Archaeological Values 
130. Development of geothermal facilities by site clearing and 
facility construction runs the risk of destroying historical and 
archaeological sites. 
131. Evidence of prehistoric cultural activities and features 
such as foot trails, upland taro patches and planting areas, a pulu 
factory, and other historical sites have been reported in areas 
adjacent to the GRS; however, there are no known archaeological sites 
in the Kilauea Middle East Rift Zone. 
132. Estimates of potential impacts can be made by plotting known 
archaeological and historical sites, completing an archaeological and 
historical literature search, and by archaeological reconnaissance 
surveys. 
133. These surveys are best employed when specific sites for 
geothermal facilities, roads and pipelines have been identified. If 
any sites are then discovered during the survey, the location of the 
geothermal facilities, roads, and pipelines can be adjusted to minimize 
impacts or avoid sites completely. 
134. The Board finds that potential impacts to archaeological and 
historical sites can be minimized by completing archaeological and 
historical literature searches, plotting all known sites and completing 
archaeological reconnaissance surveys. If archaeological or historical 
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sites are found they can be described and assessed as to their signifi-
cance, and measures taken to ensure their protection during subsequent 
permitting processes. 
The Practice of Native Hawaiian Religion at Kilauea 
135. The current day practice of Native Hawaiian religion 
includes the worship of the goddess Pele. Many native Hawaiians regard 
Pele as an akua (god) or as aumakua (family or personal god). Some 
native Hawaiians also identify themselves as the bloodline of Pele. 
Hawaiians who actively worship the goddess Pele have been identified as 
''Pele practitioners''. 
136. Pele practitioners believe Pele is a living god, whose 
presence is manifested in periodic and frequent volcanic eruptions. 
Pele is believed to also be present in the sacred area surrounding the 
Kilauea Volcano in kino lau (alternate body forms) such as ferns, 
certain shrubs and trees, and certain volcanic land forms or features, 
such as significant pu'u (hills). 
137. 
is in fact 
Pele practitioners believe that the area o~ active volcan.ism. , 
\ W-"<' w 0 <, • .l.e·~· '( ' 
Pele's physical body, her home or abode. APele ~raetitieaers 
believe Pele's home encompasses an area extending from Mauna Loa 
through the Kau and Puna districts to the ocean, including the entire 
area of the Kilauea Volcano and the East and Southwest Rift Zones. 
138. To Pele practitioners, Pele is also the heat, water, steam, 
smoke, and vapor present in and throughout the Kilauea Volcano and its 
rift zones. 
139. Pele practitioners worship Pele by making offerings to her. 
,... ·' ! !J., ~ 
1-
-._,_ ••··. r::J-...i'A. 
•"f·,,.,.._o 
t /r.<{ 1 o 1.d.ta 
CoJ L.~ (, 
The specific details of how and where such offerings are made were not 
\~ ~~·'~~~. 
presented to the Board during the contested case hearing. I!ele practi- .. 
--'\-' .c,., -{. t~ \ ~ 1 
t±efie£6 iast~ indica~ that Pele is a spiritual concept central to 
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\ 
~ lives and psychological survival, and that Pele provides 
inspiration, strength and a focus for their lives. 
.-J --.). (, ;;_j -(,..;~ 
140. . Pele practitioners e-tn testify r'ig2 rd i AS a~ti"it;i.Qs they 
consider-:, impermi'-s.ible within the area considered to be Pele 1 s abode. 
'\ -r ~~, 
~~etitignePS· believe that geothermal exploration and development 
is an offense against Pele, a desecration of her body and being, 
because this activity involv~rilling into Pele 1 s body and removing 
-r 
Pele ptactitioners believe this activity will take Pele her energy. 
and kill her forever. 
' 
----r 1.1-H> _.__..._,t,- C,"' JJ {Q><;4 --{(,..c:.u1 
141. _, Pele practitioners ~tt believe that offenses against Pele 
will cause Pele to retaliate violently in the form of volcan~c 
--c:Z..,.,: -.; . '' i 
eruptions, earthquakes and tsunami. P"tde praCticfmiE1r&o indicate'*,t:h~-y-
' fear for their lives and the lives of their children. 
\ ~o -\-.-'c-i .. , .. "·; - ..• ·>::l -{C.,'\ 
142. ~ Pele practitioners 
11 
believe that geothermal exploration 
development will threaten and probably prevent the continuation of 
and 
all 
essential ritual practices associated with Pele and thereby impair the 
ability of Pele practitioners to train young Hawaiians in the tradi-
tional Hawaiian beliefs and practices. They believe therefore that 
Hawaiian religion and culture will not be conveyed to future 
generations and will therefore die. 
_:( '-"-' J. C, 
143. The Board ha~ found that not all Hawaiians share the beliefs 
of Pele practitioners. Other Hawaiians currently believe that the 
development of geothermal energy is not counterproductive to native 
Hawaiian culture and heritage. One of these native Hawaiians has 
stated that, " •.• as a Hawaiian who shares the love of this land with 
others, cognizant of my heritage and traditions, I feel my ancestors 
would be proud to know that we are trying to use our natural resources 
in the best way possible. The Hawaiian of times past, with his astute 
knowledge of all things and through the proper observances of estab-
lished laws, used all of the natural resources available in their 
limited way to do the most good for the most people." 
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144. Historical accounts of native Hawaiian activity show that 
early Hawaiians did use geothermal steam for cooking food for 
non-religious purposes. 
145. Early Hawaiians are recorded using steam emanating from 
fissures along the rift zone for personal uses as well as religious 
uses. William Ellis, in his journals, notes that the ground in the 
vicinity of Kilauea throughout the whole plain was so hot that those 
who can came to the mountains to gather wood and to fell trees and 
hollow them for canoes "always cooked their own food, whether animal or 
vegetable, simply by wrapping it in fern leaves and burying it in the 
earth", a method quite similar to the Hawaiian imu (an underground 
oven). 
146. At Kilauea on Hawaii, Handy and Handy, in their "Native 
Planters in Old Hawaii" describes how whole trunks of hapu 1 u pulu (fern 
trees) were thrown into steam fissures, covered with leaves, and when 
cooked, were split open and the starch core used as food for pigs. 
147. The Board also notes that Mr. Don Mitchell, a noted author 
on Hawaiian history, does not believe that ancient Hawaiian beliefs 
were specifically against the use of steam, but that it is only a 
recent interpretation of Hawaiian theology. He believes that s~eam is 
-t referred to in early discu!tsieas a£ Pele b1:1t that lava and volcanic 
eruptions are ~closely associ~ ted w_ith Pele/ I.:,. "":l. '{C>.._C}:j} .,;:-C~-"'-\.A ... , 
c» c>J... LAo'{ ,·'V:L·f·o.--t ,'~ d -7-"' r "\ Q ~- ~ c:QJ_~s>.A.A-• '""""~ c• ( , ·r 
148. Other people speaking on behalf of Hawaiian civic groups 
have spoken in support of geothermal development. The president of the 
Hawaiian Civic Club in Kau is quoted regarding their support of the 
designation of a geothermal resource subzone; " ... we are not living in 
the past now. There 1 s a lot of things we need to preserve, and yet 
there 1 s a lot of things that sometimes we have to give up for the 
betterment of our own Hawaiian children and families. Now, me, 
speaking on behalf of myself, talking about geothermal, I cannot say 
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that I know too much about geothermal. But I think I know enough that 
I would sit here and support the geothermal resource subzone ... " 
~·-~~ '· 
.-"( . \ 0. (..) 0-t' ~"'-('-1 .,, ( 
l 149. 1~ the Board concludes that\ there are oeheF peiats of \ ~l ttftc)t.J ~,. t4..n ( ''I , A;( ~ r r ~held by nat· e Hawaiians, ol>at slteuld bE <eetlsfifered. A ~ ·.X.·Q.\ > 
v '"--~" '1 ., f...~~ '4 ~ . . so~vvt.J.: L..to.~-'Q l U¢01! -u..r-"" 1 LA.. 8 .. ~.., 
A ·r· _ .d 15Q. ·.Testimony presented by Pele practitioners ;,., essentially....-
' '-<-· JOI..!..MJ. t ..,te ur' 
~~~a-t.I><H·--ttf faith and personal belief'; which can neither be accepted or 
rejected by the Board. Poteatial i~a~ts te re 1isisHs ~elie~~<aftftot 
.£ '"'"'{, ~~isate~ The Boar~n~Herefe~e believes that the religious concerns of ~..-.-4' !,)(! 
native Hawaiians eemmsft&- respect and care 
+· 
evil a cc and not harm the genuine religious , 
Kilauea Volcano and the East Rift Zone. 
should .J be exercised t.., 2,.... ~(' (-( c..r~ 
aopeets associated with 
t\ 
., . 
,, Cl(.f"~·r•··-~,·· 
151. Fartltefli!OFe-; t:lte l!eaf'<i maiu£-frifts--tftftt:/11. GRS establishes <Jri-- ~~. , , •.· (j",'-" 
- where applications for geothermal exploration an:;;eMaal > • ~. 
s development may \le considered.1 . It is only the first that · ~. ;" 
--j-1.. o..,i:i! ~ ' ~ \4.1!. 
identifies areas appropriate fbr geothermal development. It does not 
'\ ~'ftC" d 
authorize any activity on th:Jround. nor. 1nterfere with anyo~e's use of 
• 1 1{ ' I thel)rland. :f-1- cJ..~a.A e.-t l--'t/'(ll.tJ~.~- '~'·'· -· · . .:-~'"',r 1 ('"-•'' ,_ •• \ ...:. 
I_ '",... (:• r"··'v. 
1_ ~ cl ,~ ~CVIA OA'-1 ,_.y_ "---'" \ , 
' 152. The Board finds that the initial identification of an area 
on a map and designation of that area as a GRS does not in any way 
prohibit religious practices on land located in the middle east rift of 
Puna. Individuals may continue to freely exercise whatever religious 
practices they have observed in the past. 
Scenic and Aesthetic Values 
153. Geothermal resource development located in remote wilderness 
areas may represent a visual intrusion. However, the extent of the 
intrusion depends on the specific location and structure involved since 
the proposed GRS contains both open lava flows where a power plant 
might be visible, as well as heavily forested areas where an 
installation would be relatively unobtrusive. 
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154. Where a facility would be visible, structures can be 
attractively designed, landscaped, and painted to blend with the 
surrounding natural setting. 
155. Depending on the terrain within and adjacent to a power 
plant site, an analysis of view corridors should be prepared to 
estimate potential visual impacts for subsequent permit processing by 
state and county agencies. 
156. In addition to structures such as power plants and cooling 
towers, under certain atmospheric conditions warm air from the cooling 
tower will condense as it rises to form a small cloud similar to that 
often observed near cracks and puu along the remote part of the east 
rift zone east of Mauna Ulu. During normal atmospheric conditions, no 
visual vapor are expected from cooling towers. 
157. The Board concludes that the natural beauty of the area 
contained within the proposed GRS can be aesthetically maintained bty 
-r<,0 careful siting of geothermal facilitie~ ' 
Impact to Native Vegetation 
158. Vegetation in Hawaii's geothermal resource areas have been 
described in baseline surveys prepared for the Hawaii State Department 
of Planning and Economic Development by the University of Hawaii 
Department of Botany, in the report, "Puna Geothermal Area Biotic 
Assessment, Puna District, County of Hawaii", published in April 1985. 
159. Within the proposed GRS, different vegetation types occur in 
a mosaic pattern reflecting lava flows of different ages and different 
degrees of past disturbance. Extensive areas of ohia-uluhe woodland, 
ohia forest and recent lava flows are interspersed with small patches 
of ohia forest, designated, ohia-a(1), ohia-a(2), ohia-a(3) and ohia-b 
forests. 
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160. Ihe assemblaAC e£ bare lava and various native plant 
communities throughout ('lthe Kilauea rift zone a£e eaoironmentally 
(f(\(;",,, 
significant 
t-;;d·~.\) 
demonstrate 
ifl tllat these biologically rich and dynamic communities 
-~ c.l'f' 
the de.el~t-&f plant succession on lava flows, serve as 
habitat for native species and have been found to contain two 
additional ecosystem types--the lava tube ecosystem and the 
neogeoaeolian ecosystem. (Findings relating to specific ecosystems are 
covered separately in subsequent sections of this document.) 
C..t.>_ r-- ...e (; ~ 
161. 1'tre 'ipecific vegetation ~ found in the Kilauea Middle 
East Rift are described as follows: 
(i) Lava Flows. The most recent lava flows, still largely 
unvegetated, are those from the 1983-85 Pu'u O'o flows. The~ a~Q also 
1977 and 1955 lava flows whiC:lr· support early successional stages with 
scattered young ohia plants and a mixture of common native and 
introduced species. 
(ii) Ohia-uluhe woodland. This ~ forest ~ probably 
represents a later successional stage than (i) above. It consists of 
scattered ohia trees with an almost continuous carpet of uluhe fern. 
There are a few other native plants present, such as kopiko and 'uki. 
Introduced species such as malabar melastome and bamboo orchid are 
common. 
(' 
(iii) Ohia forest ~- still later 
successional stage$. Four ~types were recognized: 
' 
(1) Wet ohia forest with native species (ohia-a(1)) 
These forests have tall ohia trees, usually more than 30 feet, 
with a nearly closed canopy. There is a subcanopy layer 
containing a number of native trees, and a third layer of 
hapuu tree ferns, plus a ground cover of ferns and small 
shrubs. Very few introduced weeds ~ in ohia-a(1) forests. 
(•-1/'-.r• -(f ... '"'t:J 
(2) Wet ohia forest with native species and exotic shrubs 
(ohia-a(2)) 
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These forests differ from ohia-a{1) ~ contain:iftg- a large 
number of introduced species in the \hrub and subcanpoy 
layers. Strawberry guava and malabar melastome are the major 
introduced species. The presence of these introduced plants 
indicates that these forests are more highly disturbed than 
ohia-a(1) forests. 
(3) Ohia-kukui forest with mixed native and exotic shrubs 
(ohia-a(3)) 
This differs from ohia-a(2) by containing an admixture of the 
kukui, a tree introduced by the Polynesians. Other plants 
found here, such as 'awa and ti, suggest that these areas were 
probably utilized by the Hawaiians in former times. 
(4) Ohia forest with exotic subcanopy and shrub layers 
(ohia-b) 
These are ohia forests which have been greatly disturbed in 
the past and in which the subcanopy layers consist largely of 
introduced species. 
162. Ohia-a(1) forest is the most intact forest type with the 
largest component of native species and is therefore the type which 
would be most sensitive to disturbance. Ohia-a(1) forest is found in 
small to moderate sized patches in the southwest part of the subzone as 
islands surrounded by ohia-a(2) forest or lava flows. 
163. Ohia-a(2) forests cover extensive areas of the western 
portion of the subzone and are interspersed with extensive ohia-uluhe 
areas in the northeastern portion of the subzone. Large ohia-uluhe 
areas cover the eastern portion of the subzone, while lava flows 
dissect the western and central portions of the GRS. 
164. Development of geothermal resources in forested areas may 
have the following detrimental effects: 
a. Direct loss of habitat and destruction of native organisms, as a 
consequence of land clearing during the construction of access 
roads, pipelines, wells, power plants and transmission lines. 
b. Acceleration of invasion of introduced plants and animals which 
move into the disturbed habitats created during development. 
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c. Compaction of soils due to construction activities may permit 
pending of water providing additional breeding sites for mosquitos 
that are vectors for avian malaria. 
d. Physical damage to plants during construction and maintenance 
activities which may lead to infection by pathogens and the spread 
of plant disease. 
e. Emissions from geothermal wells and plants may differ sufficiently 
from natural emissions to which plants have adapted and may -ba-
feaae ;g have a detrimental effect on these species. 
165. These effects can be mitigated by avoiding, as much as 
possible, land clearing in highly sensitive areas that support forests 
dominated by native species such as ohia; by locating access roads and 
drilling sites on recent, less densely vegetated lava flows; and by 
disturbing the smallest area possible during construction. 
166. Recent observations of old lava flows within the Kahaualea 
area indicate that invasion of exotic species--the edge effect--does 
not extend more than 50 to 100 feet from a disturbed area. Therefore 
the effects of land clearing are not expected to extend much beyond the 
edge of the cleared area. 
167. Nonetheless, the introduction of exotic species should be 
minimized in disturbed construction sites by continual monitoring of 
developed areas and utilization of an effective and environmentally 
compatible method of weed control appropriate to specific sites. 
168. Construction sites can be monitored to assure that site 
drainage remains unimpeded. Bulldozing and site maintenance work can 
be carried out so as to minimize damage to native plants. 
169. Native species in geothermal areas have by evolution adapted 
to the air quality conditions found naturally along the Kilauea East 
Rift. However, State air quality standards will assure that geothermal 
well and power plant emissions will be well below amounts released 
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during eruptions and probably well below amounts necessary to cause 
damage to native flora. 
170. The geothermal resource subzone establishes an area where 
application for geothermal exploration and eventual development may be 
considered. Establishment of a subzone is only the first step in 
identification. It does not authorize any activity on the ground. 
<;',</r 
171. I\ jJpecific information on any geothermal development proposal 
~ necessary to accurately predict impacts on native forest ecosystems. 
172. Therefore, mitigation of potential impacts to specific 
forest areas is best undertaken during subsequent permitting processes 
when the geothermal facility layout and construction details have been 
proposed. 
173. Nonetheless, some impact to the native forest present in the 
• Kilauea middle east rift is likelyy however, facility layout and design 
can be adjusted during subsequent permitting processes to minimize 
impacts to the more environmentally sensitive areas of the forest. 
Impact to Unique Ecosystems 
174. Three unique ecosystems have been identified in the Kilauea 
East Rift area: the successional ecosystem, the lava tube ecosystem, 
and the neogeoaeolian ecosystem. 
175. Each successive volcanic eruption spills new lava onto 
geologically older surfaces. Since Kilauea Volcano is active, surfaces 
may be only a few hours old, a few days, weeks or months old~ lleue"""•· 
~orne flows may be over 100 year~ or even over 500 years old. 
176. Lava flows of different ages are in various stages of being 
colonized by plants. 
forest succession. 
Plant community development is known as 
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177, Development stages are not arranged in any specific set 
pattern, but are an indeterminant patchwork or mosaic of different 
sizes and variable-aged flow pieces, often referred to as kipuka. 
178. Development of vegetation on kipuka is influenced by 
moisture, lava flow frequency, proximity to other kipuka and elevation. 
179. Moisture is the most important determinant influencing the 
rate of vegetation succession on volcanic substrates. Most of the 
Kilauea East Rift consists of windward slopes that provide moist and 
wet conditions, depending on elevation and exposure to tradewinds. 
180. Wet forests have different species composition than moist 
forests adding to the species diversity present in kipuka. 
181. High lava flow frequency such as that exhibited at Kilauea, 
provide a variety of lava flow ages and surfaces insuring a full range 
of successional vegetation. 
182. Small kipuka of variable age in close proximity to one 
another aid the dispersal of organisms and thereby maintain the 
successional development. 
183. Suitable lava flows, environment and mosaic arrangement of 
kipuka that encourage successional development are generally found 
along and downslope of the Kilauea East Rift, ranging from Mauna Ulu to 
the west in the Hawaii Volcanoes National Park extending east and down 
rift to Heiheiahulu in the Wao Kele 0 Puna Natural Area Reserve and 
somewhat intermittently to the east of the NAR. The mosaic area 
extends from the northern boundary of the Kilauea East Rift to the 
Kalapana Trail to the south, except where it has been truncated by 
bulldozing or woodchipping activities or residential development. 
184. Successional ecosystems along the Kilauea East Rift range 
from new lava flows, essentially devoid of life, through the 
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development of wet and dry forest assemblies of plants to mature ohia 
and lama forests. 
185. The number of species of plants and animals and the variety 
of communities is high for the small geographic area that contains 
kipuka. Portions of the east rift are therefore considered to be 
biologically rich and dynamic. 
186. Although kipuka individually and collectively represent 
successional ecosystems, new lava flows renew the successional 
development; therefore successional ecosystems are not necessarily 
unique, nor short-lived, but conditions for their development are 
constantly being renewed with each new eruption that brings fresh lava 
to the surface. 
187. Two additional ecosystems are found within the successional 
ecosystem mosaic area, the subterranean lava tube ecosystem, and 
the neogeoaeolian ecosystem. Both systems are dominated by arthropods, 
rather than plants. 
188. The subterranean lava tube ecosystem exists within the 
surface or near the surface of pahoehoe flows that have developed an 
ohia forest upon them. Highly specialized insects and spiders live in 
the dark and damp lava tubes and cracks beneath the pahoehoe flows. 
These insects co-habit and can exist as long as they have contact with 
living ohia roots and the tubes and fissures remain open, cool, dark 
and damp. 
189. The neogeoaeolian ecosystem occurs on recent barren or very 
sparsely vegetated lava flows and depends on the aerial drift of 
arthropods from adjoining vegetated flows and kipuka providing the 
ecosystem's source of energy. Crickets and spiders in these areas eat 
each other and waif arthropods that drift or fly across the flow or are 
killed or marooned by the harsh surface conditions present. 
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190. This ecosystem is transient and dependent on periodic 
renewal of fresh lava surfaces since natural forest succession 
ameliorates the harsh surface condition and diminishes the scavengeable 
waif food supply that is the ecosystem's energy source. 
191. The Wao Kele 'O Puna Natural Area Reserve includes a portion 
of the successional ecosystem area along its southern border. The 
northern portion of the NAR provides a protective buffer for the 
successional ecosystem. The successional ecosystem area is also 
protected by the Kahaualea area located to the northwest. 
192. Geothermal development will include certain activities that 
create openings in the forest. These openings may result in 
alterations in the light, temperature and the humidity regimes at the 
edges of openings, leading to changes in the vegetation. 
193. The extent and nature of this "edge effect" may vary with 
the size of the area cleared. Recent observations of old lava flows 
within the Kahaualea parcel indicate the edge effect would not extend 
more than 50 to perhaps 100 feet away from the clearing. Therefore the 
effects of clearing areas for well sites, roads, and power plants are 
not likely to extend much beyond the edge of the cleared area. 
194. The mosaic nature of the vegetation allows a geothermal 
developer 
types and 
to site projects 
( ("-""' !£,"() 
species ~ avoided 
such that the most sensitive vegetation 
as much as possible. 
195. Disturbance of mosaic areas can be minimized by siting 
proposed geothermal facilities on recent lava flows or in ohia-uluhe 
forest areas. 
196. Development of geothermal facilities could be allowed within 
the mosaic area, provided the most highly sensitive portions of the 
mosaic area were avoided without any significant impact on long-term 
vegetation succession. 
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Impact to Invertebrates 
197. Certain insect species such as the Hawaiian drosophila 
illustrate the dynamic evolutionary processes, the study of which 
constitutes basic biological research which can lead to successes in 
applied situations. For example, basic work with Hawaiian drosophila 
has lead to more effective control programs for fruit flies. 
198. Genetic engineering can utilize specific genes from species 
to modify reproduction in other similar species. For example, Hawaiian 
drosophila genes can be translocated to other fruit flies so as to 
produce all males in subsequent generations, thereby diminishing the 
fruitfly population, potentially yielding great economic benefits 
worldwide. 
199. More than 500 species of the endemic Hawaiian drosophila 
have been collected and described. There are another 100 to 300 
species of this fly which are known but as yet are undescribed. 
200. Unique species of drosophila have been found throughout the 
State of Hawaii. There may be unique species of drosophila to be found 
in the middle east rift zone. 
201. Native ecosystems where drosophila may exist should be kept 
intact in order to preserve the genetic resources that may be there. 
202. The mosaic ecosystems, also kniown as kipukas in the Kilauea 
Middle East Rift Zone, represent 7 or 8 different forest types. These 
ecosystems give rise to unique genetic variances because gene pools 
present in kipukas have become isolated and there is very little gene 
flow between kipukas since drosophila will not cross over lava flows 
even a few hundred yards wide. 
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203. The southwest corner of the Wao Kele 1 0 Puna Natural Area 
Reserve contains kipuka which exhibit mosaic ecosystems that may give 
rise to genetic variations among drosophila. 
204. Exclusion of kipukas and the mosaic ecosystems they contain 
would prevent the use of geothermal resources located below the kipuka. 
However, use of directional drilling techniques can develop the 
geothermal resource below kipuka areas without disturbing the surface 
environment. Directional drilling can be utilized in developing the 
geothermal resource in the Kilauea Middle East Rift. 
205. Further protection of surface features such as kipuka can be 
provided during subsequent permitting processes when specific 
development plans have been provided and the approximate location of 
facilities are known. At that time, facility locations can be adjusted 
to avoid kipukas. 
Impact to Endangered Native Avifauna 
206. Native forests along the Kilauea East Rift provide habitat 
for a number of Hawaii 1 s endemic birds, as well as indigenous and 
exotic bird species. 
207. Endemic, indigenous and exotic bird species known to be 
present in and along the Kilauea East Rift have been described in 
baseline surveys prepared for the Hawaii State Department of Planning 
and Economic Development by the University of Hawaii, Department of 
Botany in the report, "Puna Geothermal Area Biotic Assessment", Puna 
District, County of Hawaii, published in April 1985. 
208. Endemic species are those that are unique to Hawaii and do 
not naturally occur elsewhere, while indigenous species are those whose 
total range in the Pacific Ocean includes Hawaii; exotic or introduced 
species are those that have been brought to Hawaii by man. 
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209. Some endemic species have been classified as endangered 
species by the U.S. Fish and Wildlife Service. Essential habitat 
needed to ensure their recovery to a non-endangered status have also 
been defined. 
210. The U.S. Fish and Wildlife Service conducted a census of 
native forest bird species found in the Puna Forest Reserve and the Wao 
Kele 0 Puna Natural Area Reserve in 1979. This information was 
compiled in the Hawaii Forest Bird Recovery Plan which proposed 
essential habitat areas for native forest birds. 
211.Essential habitats have been defined for all endangered forest 
birds on the island of Hawaii and for the Nene. The Recovery plan is 
subject to modification as dictated by new findings and changes in 
species status and completion of tasks enumerated in the Plan. 
212. Three endangered species, the Nene, the I'o and the O'u have 
been sighted along the Kilauea East Rift zone. 
213. The present range of the Nene is from approximately 3800 to 
8000 feet elevation on the slopes of Mauna Loa. Nene are not known to 
occur in the GRS. 
214. The I'o or Hawaiian Hawk occupies a broad range of habitats 
from papaya and macadamia orchards to virtually all types of forest 
including ohia rain forest and the sub-alpine mamane-naio woodland, and 
ranges from sea level to 8500 feet elevation. 
215. The I'o is classified as endangered; however, some 
researchers maintain this classification should be re-evaluated since 
the species has proven to be abundant, widely distributed and highly 
reproductive. The 1984 population estimate for the wild I'o range from 
1400 to 2500 birds. 
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216. The I'o is very adaptable and forages for food, feeding on 
spiders, insects, mammals, and on both native and introduced birds. 
The I 1 o does occur in the GRS and has been sighted between 1500 and 
2400 feet elevation. 
217. Although the I'o is wide ranging and adaptable, it is fairly 
sensitive to human disturbance when nesting. However, its nests have 
never been found at either the Kilauea Middle East Rift or at 
Kahaualea. 
218. Site surveys prior to development should ensure that no 
nesting I' o are disturbed should these birds be found nesting in the 
GRS. 
219. O'u essential habitat is that area along the East Rift above 
the 2000-foot elevation contour includina the Kaqaualea area. A small 
f: / ~ :,:r._ t. ' I 
portion of the northwest corner of the;
1 
GRS overlaps the O'u essential 
habitat area; however, there have been no recorded sightings of O'u 
within the GRS. 
220. The threatened sea bird, the A'o (Newell's Shearwater) may 
also use the State Forest Reserve lands for nesting. An adult A'o and 
egg were found at Makaopuhi Crater in 197 5; however, the only large 
known nesting grounds for the Shearwater are on Kauai. No live colony 
of A'o have ever been found in the area of the GRS. 
221. The Board concludes that development of geothermal 
facilities above the 2000-foot elevation contour near the northwest 
corner of the proposed GRS could affect the O'u since this portion of 
the GRS overlaps the essential habitat of this species. However, there 
have been no recorded sightings of any endangered or threatened species 
within the GRS, and protection of native arifauna can be accomplished 
during subsequent permitting when the location of proposed facilities 
are known. 
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Impact to Endangered Plant Species 
222. The "Puna Geothermal Area Biotic Assessment", published in 
April 1985 by the University of Hawaii Department of Botany, indicates 
that a number of plant species found within the East Rift zone are 
listed as either Category 1 or 2 candidate species for listing as 
endangered by the U.S. Fish and Wildlife Service. 
223. Category 1 species are those for which the Service has 
sufficient information to support the biological appropriateness of 
listing the species as endangered, but for which data still need to be 
collected concerning the environmental and economic impacts of listing 
and designating a critical habitat for that species. 
224. Category 2 species are 
information indicating probable 
those for which the Service has 
appropriateness of listing as 
endangered or threatened but for which sufficient information was not 
yet available to biologically support the listing. 
225. Of the nineteen Category 1 species collected in the 
University's survey, only two are found within the proposed GRS, 
Bobea timonioides and Cyanea tritomantha. 
226. Bobea timonioides or 'ahakea, a medium stature tree 6 to 8 
meters tall, occurs in the GRS principally in the ohia-a(1) and 
ohia-a(2) forests. It is a Category 1 species which was sighted at 3 
locations in the central portion of the GRS and at two sites along the 
lower east rift outside the proposed Kilauea Middle East Rift GRS. The 
plant has also been sighted in the Kapoho GRS. 
227. Cyanea tritomantha or 'aku'aku, also a Category 1 species, 
has white flowers in dense clusters and leaves and stems covered with 
almost translucent prickles. This plant was sighted in the northeast 
corner of the GRS. 
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228. The endemic fern, Adenophorus periens, also a Category 1 
species has been sighted to the north and west of the GRS in the 
Kahaualea area and the upper portion of the Wao Kele 'O Puna Natural 
Area Reserve. 
229. During a 1979 U.S. Fish and Wildlife Service survey, one 
tree with a clump of Adenophorus periens ferns was sighted in the GRS. 
It may occur elsewhere in small numbers in the western portion of the 
GRS; however, none has been sighted to date. 
230. Site surveys can be accomplished during subsequent 
permitting processes when development details are known. Roads, wells, 
power plants and other geothermal facilities can be sited so that they 
avoid areas where endangered plants are found. 
E. Compatability of Geothermal Development and Potential Related 
Industries with the Present Uses of Surrounding Land and those 
Uses Permitted Under the General Plan or Land Use Policies 
of the County in which the Area is Located 
·; l i_) ~ \', ' •.• . ~: 
231. The11Kilauea 
is located within and 
Middle East Rift GRS, consisting of 11,745 acres 
adjacent to the Wao Kele 1 0 Puna Natural Area 
Reserve and the Puna Forest Reserve. 
232. The Puna Forest Reserve and Wao Kele 'O Puna NAR surround 
the GRS on the north and west consisting of ohia forest on the north 
and ohia forest interspersed with lava flows on the west (Kipuka mosaic 
area). Ohia-uluhe and ohia forest are found along the southern 
boundary and eastern boundary. Agricultural lands are present along 
the eastern boundary of the proposed GRS, where they abut the existing 
Kamaili GRS forming a contiguous GRS land use designation. 
233. Most of the land within and surrounding the proposed GRS is 
designated by the State Land Use Commission as Conservation District, 
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with the exception of the extreme east and southeast portion of 
that has been designated as an Agricultural District. 
the GRS 
' 
234. Conservation District land uses are administered by the 
Department of Land and Natural Resources under the Department's 
Administrative Rule, Title 13, Chapter 2. I W (' ~ '·' .;:;Q,_~ (;~·'-":"' '' 
. \ . ~ ( t-.l'v-._ (' 0 .- <..."! ~-.:.~. At o-,c \ 'f-C. (!,.'/ ,- ,.-·,• '..c.'·.('~· -J.: -···.' ':t · .t~ ·~ ,_·"1.-·.-·'·· ·" ~· ', 
I ' · .I U-{ · • ,. ·· ' . ( .' , . 
rt c. ;1~:-~ :~ "i;h~-··,:rb:~, ~ura{-~..._(~ an~~ ~g~~c~t~rall_ ;~l~~e, 1fand ~~~et-·districts ' 11 
are administered by individual counties through their general plans, 
which set forth County objectives and policies for long-range 
development and through their community plans which provide more 
detailed schemes for implementing general plan goals and policies. 
236. Act 296, SLH 1983, as amended by Act 151, SLH 1984, allows 
the designation of geothermal resource subzones within urban, rural, 
agricultural and conservation state land use districts established 
under Section 205-2, HRS. 
237. Uses permitted within agricultural districts include 
alteration of crops, orchards, forage and forestry; farming activities 
or uses related to animal husbandry, game and fish propagation; 
services and uses accessory to the above noted activities, including, 
but not limited to, living quarters and dwellings, mills, storage 
facilities, processing facilities, maintenance facilities and roadside 
stands for the sale of agricultural products. Agricultural parks and 
open area recreational facilities, public, private and quasi-public 
utility lines and roadways, transformer stations, communications 
equipment buildings, solid waste transfer stations and major water 
storage tanks, and wind energy facilities where they are compatible 
with agricultural uses and cause minimal adverse impact. 
238. Agricultural district lands within the GRS are under the 
jurisdiction of the County of Hawaii. The County of Hawaii has 
permitted the drilling of geothermal wells in lands zoned agricultural 
near the existing HGP-A geothermal facility in Puna. 
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239. 
development 
The 
on 
County ...,ttl 
agricultural 
permitting processes. 
assessr 
zoned 
t. .(, ' ' f r (' · 
,-.. i... . .. 
\ .J 
specific geothermal facility 
lands during J:;i subsequent 
240. The County of Hawaii's General Plan states specific goals 
for energy. These are: 
(a) to strive toward energy self-sufficiency for 
Hawaii County, and 
(b) to establish the Big Island as a demonstration community 
for the development and use of natural energy resources. 
241. The Hawaii County plan encourages the development of 
alternate energy resources, promotes a proper balance between the 
development of alternate energy resources and environmental 
preservation and encourages the use of new energy sources. 
242. The 
' '""t· ., . 
ptjl 1~!Hirf designation of the Kilauea Middle East Rift GRS 
is consistent with 
Hawaii General Plan. 
and 
I '1 
implements ~ objectives o.i' the County of 
243. Mitigation of any adverse impacts can be accomplished during 
subsequent permitting processes when specific locations have been 
determined for geothermal facilities. 
F. Potential Economic Benefits to be Derived from Geothermal 
Development and Potential Related Industries 
244. The State of Hawaii depends upon petroleum supplies for 91.4 
percent of all the energy consumed in the State. The oil that Hawaii 
imports costs the State about $1.5 billion per year in funds which flow 
out of the State for this purchase. As a consequence of the high cost 
of imported fuel, electricity rates in Hawaii are among the highest in 
the nation. 
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245. The Department of Planning and Economic Development believes 
that geothermal energy is the largest, near-term baseload electric 
energy resource for Hawaii. Large scale development of geothermal 
resources on the Big Island is essential to the State and County of 
Hawaii in attaining their objectives of energy self-sufficiency. 
246. About 60 percent of the total energy produced on the Big 
Island is generated from fossil fuels such as industrial and diesel 
oils. Due to the uncertainties of the price and supply of fuel oil, 
HELCO is seeking to ultimately meet electrical system demands solely 
from renewable energy sources such as geothermal energy. To become 
energy self-sufficient and not dependent on fossil fuel, the County of 
Hawaii would need over 100 megawatts from alternative sources. 
247. The current investigation regarding the feasibility of an 
interisland cable suggests that a substantially larger market, Oahu and 
the other islands, could be supplied by geothermally generated 
electricity in a time frame that is consistent with that required for 
exploration and resource evaluation on the Kilauea East Rift Zone. 
Based on industry statistics, exploration and resource evaluation may 
bl! estilltfltcd to take from one to three decades. This time frame is 
also consistent with projections of increasing demand for alternative 
energy supplies arising from an increase in constant dollar costs of 
fossil fuels anticipated to begin in about 1995 • 
. . 248. Development of geothermal resources would provide numerous 
,, l ~ -~ 0 <..( :, ,j' 
but temporary job opportunities during the construction, maintenance, 
and operation of the roads, wells, and power generation facilities. 
The total number of temporary and permanent employment opportunities 
will depend on specific development proposals. 
' ;.-; ' , I '/.-' -· ('f 
&as9Q on tl>a /Js~mnption -of 25 proj !'.Ct. employees, 
·--( d '{r,,lA, t..-~-(......A{:.( 
8e aile ttl $560,000 annually, having a multiplier 
249. direct 
wages may effect 
totalling an estimated $1.3 million. This would cause some changes in 
the state and county economy, but would not result in a significant 
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impact. A greater potential for permanent jobs for local residents may 
be provided by direct use applications of geothermal heat. 
250. Various sources of public revenue may result from a 
geothermal facility, including property tax, fuel tax, general excise 
tax, corporate income tax, personal income tax, and possibly royalty 
income. 
251. Direct uses of geothermal heat should offer local residents 
many economic opportunities. The warm water effluent from a geothermal 
electric facility can provide an inexpensive source of process heat for 
various uses. 
252. Some agricultural activities which can be supported by 
geothermal heat include: sugarcane processing, drying and dehydration 
of fruits and fish, fruit and juice canning, production of livestock 
feed from fodder, freeze drying of food and coffee, aquaculture and 
fishmeal production, refrigeration and ice making, soil sterilization, 
and fruit sterilization by dipping in hot water. 
253. Industrial applications of direct use from geothermal energy 
may include extraction of potentially marketable minerals, such as 
silica or sulfur from geothermal fluids, production of cement building 
slabs, and production of liquid combustion fuels from biomass, e.g. 
bagasse or other agricultural by-products. 
254. Other direct uses include hot geothermal mineral water spas 
which have proven to be of major commercial value in producing tourist 
revenue in Japan, Europe, U.S.S.R., and mainland United States, where 
millions visit these facilities annually. In places where fresh water 
is scarce, geothermal heat can be used to distill fresh water from 
saline water. 
255. If the benefits of direct use applications are to be 
available in several areas, then small decentralized geothermal 
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facilities should be encouraged. Decentralized developments owned and 
operated by various developers may also promote competitive pricing for 
both electricity and process heat. With imaginative marketing, Big 
Island processed farm products can be sold world-wide. 
256. The BLNR finds that there are significant economic benefits 
to be derived by electrical and direct use of geothermal resources. 
G. Compatibility of Geothermal Development and Potential Related 
Industries with Uses Permitted Under Sections 183-41 and 205-2, 
Hawaii Revised Statutes, where the Area falls within a 
Conservation District 
257. Section 183-41 of the Hawaii Revised Statutes establishes 
forest and water resource zones and delegates to the Department of Land 
and Natural Resources the responsibility for establishing subzones 
within the forest and water reserve zones. 
258. Section 205-2 establishes four major land use districts in 
which all land in the state shall be placed: urban, rural, 
agricultural and conservation. 
259. In the establishment of "conservation districts", the forest 
and water reserve zones provided in Section 183-41 were renamed 
"Conservation District". The boundaries of the forest and water 
reserve zones thereby became the boundaries of the Conservation 
District. 
260. Section 183-41, HRS, has been implemented through Title 13, 
Chapter 2, Administrative Rules of the Department of Land and Natural 
Resources. Title 13, Chapter 2 establishes five (5) sub zones within 
the Conservation District--Protective, Limited, Resource and General 
and Special Subzones where required. 
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261. The objective of the Protective Subzone is protection of 
valuable resources in designated areas such as restricted watersheds; 
marine, plant and wildlife sanctuaries; significant historic, 
archaeological, geological, and volcanological features and sites; and 
other designated unique areas. 
262. Limited Subzones are designated areas where natural 
conditions suggest constraints on human activities. 
263. The objective of the Resource Subzone is to develop with 
proper management, areas to ensure use of the natural resources of 
those areas. 
264. General Subzones are open space areas where specific 
conservation uses may not be defined, but where urban use would be 
premature. 
265. Special Sub zones are specifically designated areas which 
possess unique developmental qualities which complement the natural 
resources of the area. 
266. Most of the land within the proposed Kilauea Middle East 
Rift GRS is zoned Conservation, Protective Subzone. Only the extreme 
eastern and southeastern areas are zoned Agricultural. 
267. Act 296, SLH 1983, as amended by Act 151, SLH 1984, 
specifically states that "geothermal resource subzones may be 
designated within urban, rural, agricultural and conservation land use 
districts established under Section 205-2, HRS. 
~~ •../ ·-''--\ 
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269. In granting a Conservation District Use Permit (CDUA No. HA 
3/2/82-1463) for geothermal exploration, the BLNR stated that "the 
State recognizes that conservation lands vary in their use and 
importance in accordance with a wide variety of criteria. Both the 
federal government and the State of Hawaii recognize that conservation 
lands involve multiple uses which range from absolute preservation to 
regulated uses ••. The range of activity permitted depends upon the 
ecological importance of the resource in the overall environment and 
the relative need for human activity within a restricted context." 
This hal aA~iag t'ii.rt may alse ee applied by the BLUR te eunser uatiorn 
·---lands contained witrtln tlie ptoptJSI!tl !::llauea Middle East:_ Rih ~lioS ·~:a-_-_·--
r. ~ ( .,_ 1 \ (' ..f-~ t' tN. S- Q~ 1 1 "'\ _{! ' t •'t\. 
· subsequent-pelrtl>i,ts al'a &aa•ider.e.cl. ..• · _ . · -1 - . _- ... • :• ~ ,• , . 
270. 
potential 
/ ', ' • ~ ~\--' ,., . ' i;. ~) •,. . '•. \ 
~--- f) __ 0J. (\_h '~- '·I'-.(:, ,-• ' ·"< ' / 
The BLNR finds thatAcontrols can be implemented to mitigate 
impacts within the conservation district to pro ect valuable 
I 
) ..... , 
resources within this proposed subzone. / c. ~ ''•·•·i·t-
H. Consideration of the Hawaii Coastal Zone 
(Chapter 205A, HRS) and the Hawaii State Planning Act 
(Chapter 226, HRS) where applicable 
271. Chapter 20SA, HRS, relating to Coastal Zone Management is 
not applicable to the designation of a geothermal resource subzone 
along the Kilauea Middle East Rift, Island of Hawaii. 
272. Chapter 226, HRS, relating to the Hawaii State Planning Act 
and its more detailed Energy Functional Plan encourage energy 
self-sufficiency generally and the use and development of geothermal 
energy specifically. 
273. The BLNR finds that the designation of the proposed Kilauea 
Middle East Rift GRS complies with the provisions of Chapter 226, HRS. 
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PREFACE 
Act 296, Session Laws of Hawaii 1983, as amended by Act 151, 
SLH 1984, requires that the Board of Land and Natural Resources 
examine various factors when designating subzone areas for the 
exploration, development, and production of geothermal resources. 
These factors include potential for production, prospects for 
utilization, geologic hazards, social and 
use compatibility, and economic benefits. 
environmental impacts, land 
The Department of Land and 
Natural Resources has prepared a series of reports which address each 
of the subzone designation factors. This report analyzes the major 
environmental impacts that may result from geothermal development. 
Impacts include risks to people and property as well as wildlife and 
plant life. The effect of various natural factors such as wind and rain 
are included. Land use compatibility and impact mitigation measures 
are also described. 
Preparation of this report was coordinated by Sherrie Samuels, 
Planner, with the assistance and under the general direction of Manabu 
Tagomori, Chief Water Resources and Flood Control Engineer, Division 
of Water and Land Development (DOWALD), Department of Land and 
Nat ural Resources. 
DOWALD staff members, engineers George Matsumoto, Thomas 
Nakama, and Neal Imada, and geologists Daniel Lum and Ed Sakoda, 
have made significant contributions throughout this report. Paul 
Haraguchi of Pacific Weather, Inc. prepared the section on meterology 
and Lee Hannah of the University of Hawaii Environmental Center 
prepared the section on flora and fauna. 
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SUMMARY 
This report addresses potential environmental impacts to flora and 
fauna, surface and ground water resources, ambient air quality, and 
ambient noise levels, historical and archaeological resources, and 
scenic and aesthetic values. The characteristics and effects of local 
and regional meteorology are also considered. 
The compatibility of geothermal development with existing land 
uses and zoning is examined. Evaluation of each resource area pro-
vides the conclusion of the study. 
~1eteorology. Meteorology, in general, and winds, in particular, 
are very important in geothermal operations because of their effect on 
emissions and noise. While tradewinds are prevalent, both tradewind 
temperature inversions and ground temperature inversions affect the 
r:Jovement of air in and over geothermal resource areas. 
Flora and Fauna. One of the more serious environmental impacts 
is the potential disruption of native forest ecosystems. Two indicat()rs 
were used to assess impact--native habitat importance and forest 
quality. Native habitat importance was defined by the presence of 
endangered species since this factor correlates well with the value of 
an area to native fauna in general. The relative value of a native 
forest was assessed using a three-part categorization system based on 
the percent of canopy provided and the quality of native forest 
present, the assumption being that undisturbed closed canopy, native 
forest would be the most susceptible to disruption by geothermal 
development. 
Of Hawaii's seven plant species which are formally listed as 
endangered, only one, Hawaiian vetch, was found in a geothermal 
resource area. The presence of an endangered species was used as an 
indicator of environmental sensitivity. Protection of other rare native 
plants, not listed as endangered, is to be undertaken on a case by 
case basis in siting geothermal facilities in the future. 
ix 
Surface Waters. Environmental impacts to surface waters 
resulting from geothermal development are expected to be minimal. 
None of the geothermal resource areas contain perennial streams and 
geothermal fluids will be disposed of by reinjection. 
Groundwater. Groundwater occurs as perched, dike and basal 
water in geothermal resource areas. Groundwater resources will not 
be effected since geothermal wells are drilled past groundwater 
aquifers and well casings are set and cemented through a competent 
subsurface formation below the basal water lens. All drilling, casing 
installation, maintenance and abandonment of geothermal wells and 
reinjection wells will be regulated and monitored to protect the 
groundwater aquifer. 
Air Quality. The assessment of air quality impacts resulting from 
geothermal development required examination of ambient air quality 
along active rift zones, emissions from geothermal wells and power 
plants and the current level of geothermal emission abatement 
technology. 
Geothermal developments in Hawaii will be required to have 
abatement systems that meet the proposed State Department of Health 
air quality standards. At present, the recommended H2 S abatement 
system, the Stretford System, is capable of removing over 99% of the 
H2S contained in the non-condensable gases. Use of this system would 
enable facilities to comply with the proposed air quality standards that 
require 98% of the H2S present to be removed. 
It should be noted that due to the sulfur content of fuel oil, 
oil-fired power plants may emit at least ten times more sulfur dioxide 
per megawatt-hour than would a geothermal power plant. Therefore, 
replacement of oil-fired power plants with geothermal power plants may 
reduce the overall impact to the environment and air quality. 
Historic and Archaeological Values. Geothermal development may 
potentially degrade remaining cult'u~ and archaeological values by site 
clearing and facility construction. Literature searches, plotting of 
known sites and on-site archaeological reconnaissance surveys should 
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be utilized to assess potential impacts; adjustment of facility siting to 
avoid archaeologically sensitive areas will mitigate potential impacts. 
Noise. During the initial phases of geothermal development 
persons in the vicinity of a geothermal facility construction site will be 
exposed to noise levels varying from 40 to 120 decibels depending upon 
the distance from the site. High noise levels are produced by well 
drilling, production testing and well bleeding before connection to the 
generator. Use of accoustical baffling and rock mufflers will 
effectively muffle noise. Construction of rock muffler at the existing 
HGP-A well has reduced noise level to 44 decibels at the facility fence 
line. 
Compliance with County of Hawaii noise guidelines will limit noise 
levels for geothermal activities to 45 decibels at night and 55 decibels 
during the day. 
Scenic and Aesthetic Values. Most geothermal resource areas are 
located in remote, often heavily forested areas, however in some areas, 
development of geothermal facilities may result in visual intrusions 
depending on an observer's view point. Site clearing, temporary 
presence of drilling rigs, permanent power plant structures with 50-60 
foot high cooling towers, fluid transmission lines, electrical 
transmission lines, and periodic steam plumes above the development 
site are possible sources of visual intrusions. Appropriate mitigation 
measures may help to minimize visual impacts, however, some impacts 
such as steam plumes will remain. 
Land Use Zoning, Existing Land Uses and Land Use Compatibility. 
Act 296, in addressing the designation of geothermal resource 
sub zones, requires assessment of each geothermal resource area by an 
examination of various factors including the compatibility of geothermal 
development and potential related industries with present uses of 
surrounding land and those uses permitted under Section 205-2 Hawaii 
Revised Statues, relating to State Land Use Districts, Section 183-41, 
HRS, relating specifically to Conservation Districts, and all uses 
permitted under County general plans or land use policies. 
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Act 296 also allows geothermal resource subzones to be designated 
within any of the four state land use districts established under 
Section 205-2 of the Hawaii Revised Statutes. As such, geothermal 
facilities could be located adjacent to any of the land uses existing or 
permitted in the four state land use districts. 
The State Land Use Districts found in each of the potential 
geothermal resource rift zones are: 
Kilauea East Rift Zone - Conservation, agricultural, and urban 
districts. 
Kilauea Southwest Rift Zone - Conservation, agricultural, and 
urban districts. 
~,]auna Loa Southwest Rift Zone - Conservation and agricultural 
districts. 
~launa Loa Northeast Rift Zone - Conservation and agricultural 
districts. 
Hualalai Northwest Rift Zone - Conservation and agricultural 
districts. 
Haleakala Southwest Rift Zone - Conservation and agricultural 
districts. 
Haleakala East Rift Zone - Conservation, agricultural, urban, and 
rural districts. 
Actual land uses in geothermal resource areas although 
characteristic of their respective zoning, may vary considerably. As 
noted above, most geothermal resource areas contain conservation 
zoned land that includes forest reserve, national and state parks, 
other forested areas, brush and grass lands, and barren lava flows. 
Often conservation zoned lands provide habitat for native and rare or 
endangered species as well as hunting area, and watershed lands. 
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Potential subzone areas zoned agricultural are used mostly for 
livestock grazing. 
Rural areas are characterized by low density residential uses on 
one-half acre lots and are often intermixed with small farms. 
Urban areas include residential and commercial uses. 
Some negative aspects, such as visual intrusions, are expected in 
developing geothermal resources; however, proper mitigation of 
undesirable characteristics can achieve greater compatibility. 
In each resource area, both positive and negative aspects and 
possible mitigation were considered in assessing land use compatibility. 
Evaluation of Impacts in Potential Geothermal Resource Areas 
Evaluation of impacts was accomplished by reviewing available 
information for each geothermal resource area. Information on local 
meteorology, surface and ground water, underground injection control 
areas, existing land use and zoning, flora and fauna, historic and 
archaeological sites was systematically mapped and each area evaluated 
in terms of anticipated environmental impact. 
Lower Kilauea East Rift Zone: 
Development of geothermal resources in the Lower East Rift Zone 
has been underway since 1973-74 with the issuing of geothermal 
resource mining leases for four areas, designated GRML R-1, R-2, 
R-3, and R-4. Development of additional sites in the Lower East Rift 
zone will not impact any essential endangered species habitat, but may 
impact existing communities in terms of noise and aesthetics. The 
provision of a buffer zone will help to mitigate such impacts. Air 
Quality will not be impacted, since it is expected that given current 
level of abatement technology, geothermal facilities will comply with 
State Air Quality standards for geothermal development. 
Upper Kilauea East Rift Zone: 
Development of geothermal resources in the Kilauea Upper East 
Rift zone will be limited to areas outside the Hawaii Volcanoes National 
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Park. Air quality within surrounding areas will not be impacted given 
the current level of abatement technology. 
Site development may impact endangered o'u habitat; however, as 
/ stated in the Kahau'ale1a Environment Impact Statement (June 1082), 
"the minimal removal of vegetation and trees within the Kahuaj~le1a 
/ project area should not significantly threaten the O'u." 
Kilauea Southwest Rift Zone: 
Development of geothermal resources in portions of the Kilauea 
Southwest Rift Zone, outside the National Park, would probably result 
in minimal environmental impact. 
Development proximity to the Pahala and Punaluu communities may 
result in aesthetic impacts, however, air quality will not be impacted. 
~Iauna Loa Northeast Rift Zone (Kulani): 
Development of a geothermal resource in areas other than the 
cleared grazed agricultural area in this rift zone may impact the four 
endangered forest bird species and the Nene by disturbing essential 
habitat areas. 
Mauna Loa Southwest Rift Zone (Kahuku Ranch): 
Development of geothermal resources in the lower, 
agricultural-zoned portion of the proposed subzone may result in 
minimal environmental impact provided a buffer area is maintained 
between the _geothermal development site and the Hawaiian Ocean View 
Estates. 
Hualalai Northwest Rift Zone: 
Development of geothermal resource in areas other than the 
grazed agricultural zoned portion of the subzone may impact the 
endangered species known to exist within the rift zone area. Alala, 
the Hawaiian Crow, is reported to number fewer than 20 individuals. 
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Disturbance of their Hualalai habitat may cause further decline of this 
species, or its extinction. 
Haleakala Southwest Rift Zone: 
Development of geothermal resources within the grazed agricul-
tural zoned portions of the rift zone will result in minimal impact to 
fauna since no endangered species habitat is present. 
Proximity to the r.1akena residential and resort development, 
Ulupalakua Ranch and upslope, the Haleakala "Science City" may be 
affected aesthetically. Air quality in urbanized areas will not be 
impacted since it is expected, given the current level of technology, 
that all air quality impacts will be abaf{}d so as to comply with State 
Air Quality standards for geothermal resource development. 
Haleakala East Rift Zone: 
Development of a geothermal resource in the Haleakala East Rift 
Zone in areas other than the grazed agricultural lands below the 
1000-foot level may impact native forest bird habitat and above 4200 
feet, endangered forest bird habitat. However, development of a 
geothermal resource below the 1000-foot level in grazed agricultural 
land could place a geothermal well and power plant as close as 7000 
feet from the center of Hana Town. Quite clearly, the rural lifestyle 
of the Hana Community would be affected. 
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INTRODUCTION 
Act 296, Session Laws of Hawaii 1983, requires that environmental 
impacts be considered when the Board of Land and Natural Resources 
designates subzone areas for the development of geothermal resources. 
This report addresses the major environmental impacts that are likely 
to result from geothermal development. 
Environmental impacts are described generally; the effects of 
various natural factors such as wind and rain are included. Impacts 
include risks to people and property as well as to wildlife and plant 
life. Impact mitigation is also described and each resource area is 
evaluated. 
METEOROLOGY: DESCRIPTION AND EFFECT 
( 
Climatflogical elements deemed important in assessing 
environmental impact in geothermal rift zones include rainfall, 
temperature, winds, trade wind inversions, and ground temperature 
inversions. Cloudiness, solar radiation, and relative radiation are not 
considered important elements in geothermal development and in Hawaii 
data for these factors are not available for areas within rift zones. 
AIR TEMPERATURE 
Air temperature decreases by approximately 3°F for each 1,000 
feet rise in elevation in the Hawaiian Islands. This relationship is 
seen in Figure 1 where the heavy slanted line (towards the left or 
colder temperature) has a decrease in temperature of 3°F per 1,000 
feet elevation rise. The horizontal lines represent the range of the 
average maximum and minimum temperatures at the different locations. 
For example, Haleakala Rangers Station at 7, 030 feet elevation has a 
minimum temperature of 44°F and a maximum temperature of 63°F. 
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WINDS 
The winds in the Hawaiian Islands are very important in 
geothermal operation because of their effect on emissions and noise. 
The most common winds over the Hawaiian Islands are the trade winds 
from the east which account for about 70% of the winds in the Islands. 
Figures 2a and 2b show the mean pressure and wind flow of the Pacific 
Anticyclone in the Eastern and Central North Pacific for January and 
July, the months representing the opposite seasons for winter and 
summer. The mean charts show the dominance of the high and 
outflowing trades in the Eastern and Central North Pacific especially in 
the summer. The mean trade wind pattern is a smooth version of the 
actual happenings. At any given time, the wind flow is not as static 
as it appears in the mean charts because the high, the source of the 
trades, is not as static, especially in the winter. 
Over the Hawaiian Islands, the trades prevail over 90% of the time 
from June through August and only 40 to 60% of the time from January 
through March. During summer, the trade winds can persist through 
an entire month while during winter trade winds are sometimes absent 
almost an entire month. The reason for the high frequency of the 
trade winds during the summer is that the Islands are in the belt of 
the almost persistent trade winds from the Pacific Anticyclone. During 
winter, the mean position of the high is further south of the 
summertime position and the high is not as strong or as persistent. 
Interruptions in the trades over the Islands are much more frequent in 
winter than summer with the intrusions of low pressure systems 
displacing the high pressure area from the Islands or the high 
pressure area moves far away from the Islands. These are the times 
that non-trade winds mainly in the form of light and variable winds or 
light southerly winds occur in the Islands. 
Winds over the rift zones are explained with limited data. There 
are a few wind summaries in or near the rift zones which were used 
but the main source of the material for the wind discussion was the 
knowledge of the behavior of the trade winds and the theory of the 
sea breeze and mountain breeze (local upslope and downslope winds). 
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Earlier written articles by others were also utilized in the formulation 
of the wind patterns over the rift zones. 
TRADE WIND TEMPERATURE INVERSION 
A temperature inversion is a layer in the atmosphere in which the 
air warms with increase in altitude which is the inverse of the normal 
temperature 
example of 
inversion at 
decrease through the atmosphere. Figure 3a shows an 
the vertical air temperature profile with a temperature 
6, 000 feet altitude. 
The trade wind temperature inversion occurs about 70% of the 
time over the Hawaiian Islands caused by the sinking of the air at the 
level of the inversion from the high pressure area north of the 
Islands. The trade wind temperature inversion is generally persistent 
in space and time when it occurs. Its mean height above sea level is 
between 6,000 and 8,000 feet. Normally, it ranges in height between 
5, 000 and 9, 000 feet. It occurs more often during the summer months 
than during the winter months. Its strength as measured by the 
temperature increase in the layer of the inversion from its base to its 
top, varies from no temperature increase through the layer to an 
increase of several degrees (°F) through the layer. The trade wind 
temperature inversion can be measured twice a day (2: 00 am and 
2: 00 pm) in the radiosonde data at Hilo and Lihue Airports by the 
National Weather Service. 
GROUND TEMPERATURE INVERSION 
The cooler drainage air from the mountain tops flowing down the 
slopes and the radiational cooling of the ground at night can produce 
temperature inversion over some of the rift zones (Fig. 3b). The 
strength of this inversion in temperature is probably only a few 
degrees (°F) increase in temperature through a shallow layer of a few 
hundred feet. The inversion will break down by the heating of the 
land by the sun in the morning. The important conditions for the 
formation of the ground temperature inversion are: 
1. clear night and few or no low cloud cover 
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2. low or no winds 
3. stable atmosphere 
4. cool air draining down from the higher slopes 
The conditions that are against the formation of the ground 
temperature inversion are: 
1. overcast low clouds 
2. windy conditions 
3. unstable atmospheric conditions, rain 
4. no drainage wind flow 
FLORA AND FAUNA 
One of the most serious potential impacts of geothermal energy 
development in Hawaii is the disruption of native forest. Air pollution 
and groundwater impacts of geothermal development may be 
substantially avoided by requiring full control technologies; impact on 
native forest ecosystems can be mitigated through careful siting (EPA, 
1978). Siting to avoid damage to biologically valuable forest can 
prevent both degradation of the forest due to invasion of weed species 
and disturbance of native bird species due to human activity and 
noise. 
Native forests are particularly vulnerable to invasion by exotic 
species along roadways or other cleared areas (Carlquist, 1970). Once 
such as invasion begins, native forest is gradually altered, and 
non-native species, which initially invaded along relatively narrow 
corridors, spread and multiply (Corn, 1984). Major geothermal 
development, with an attendant network of roads and construction 
corridors, may be expected to dissect and eventually degrade 
undisturbed native forest by opening it to invasions by weedy species. 
Geothermal development may also be expected to have negative 
impact on native forest birds, including many which are endangered. 
Construction noise and human activity are factors which favor urban 
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nuisance species over native forest species (Berger, 1972). It is 
therefore important to consider the habitat of native bird species, 
particularly those which are endangered, in assessing the impact of 
geothermal energy development. Any development within the habitat of 
native birds will have potential environmental impact and should be 
fully investigated and mitigation measures implemented. 
In selecting areas in which geothermal development will have the 
least environmental impact, it is therefore useful to assess both forest 
quality and native bird habitat. Those areas with mature native forest 
and significant native bird habitat will tend to be the most environ-
mentally important, while those without native bird habitat and with 
less intact forest will be substantially less impacted. For this study, 
two indicators were used to distinguish, on a broad scale, areas of 
high and low potential environmental impact. The indicators chosen 
were native habitat importance and forest quality. 
The indicator chosen to depict the value of an area to native 
fauna is the presence of endangered species. While under some 
circumstances a simple survey for endangered species is an 
unacceptably superficial form of environmental assessment, in the 
present situation the presence of endangered species correlates quite 
well with the value of the area to native fauna in general. Relative 
value of native forest has been assessed using a categorization system 
developed by the University of Hawaii Environmental Center based on 
forest type mapping done by the United States Fish and Wildlife 
Services (Jacobi, 1983). This system indicates areas in which 
geothermal development would have the greatest environmental impact, 
areas in which geothermal development would have little or no impact 
on valuable native forest, and areas in which the impact of geothermal 
development 
prepared to 
on native forest is uncertain. Map overlays were 
illustrate the distribution and intersection of essential 
habitat and forest quality factors. 
Endangered species habitat was considered present wherever 
essential habitat outlined in an approved Endangered Species Recovery 
Plan existed. Endangered Species Recovery Plans are plans of action 
for restoring the population of a species pursuant to its listing as 
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endangered by the Secretary of the Interior. Recovery plans are 
drafted by teams of wildlife experts from both state and federal 
agencies, and represent estimates of the range and life requirements of 
endangered species by the foremost experts in the field. Essential 
habitat outlined in an Endangered Species Recovery Plan is therefore 
almost without exception the most authoritative estimate of the actual 
habitat for a particular endangered species. Where no essential 
habitat has been designated, distribution was determined from 
population surveys conducted by the U.S. Fish and Wildlife Service or 
other available information (Scott, 1984). Essential habitats have been 
defined for all endangered forest birds and the Hawaiian Crow (Alala) 
on the island of Hawaii and for the Nene on both Maui and the Big 
Island. Essential habitat has not been determined for the endangered 
Maui forest birds, and therefore U.S. Fish and Wildlife Service 
population counts were used to determine habitat boundaries for these 
species. 
The potential for environmental impact on the flora of the 
resource areas was assessed using a forest categorization system based 
on U.S. Fish and Wildlife Service vegetation type mapping. The U.S. 
Fish and Wildlife Service system incorporates information on extent of 
canopy cover, height of canopy, understory composition, and 
vegetation association type (Jacobi, 1983). Vegetation information has 
been assembled and mapped by the Service using this system for large 
portions of four of the five main Hawaiian islands, including Maui and 
Hawaii. Information in this form was available for all or portions of 
each of the resource areas. Areas not covered were lower Han a, lower 
Makena, Kilauea S. W. Rift, and Lower Puna. In these areas aerial 
photo interpretation was used to estimate vegetation type, and in high 
resource potential areas this aerial interpretation was verified on the 
ground from readily accessible roadways wherever possible. Lack of 
access routes made ground verification for the Kilauea S. W. Rift site 
impractical. The boundaries delineated on the aerial photographs were 
transferred to orthophoto quadrangles and assigned a vegetation type 
code following the USFWS system (Jacobi, 1983). Vegetation type data 
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was then ranked according to potential for impact from geothermal 
development into one of three categories described below. 
FLORA 
Vegetation type data from U.S. Fish and Wildlife Service mapping 
or the present study were abstracted into a simplified, three category 
impact sensitivity classification system (see appendix A). The three 
categories of this system, which was developed by the University of 
Hawaii Environmental Center, and based on the assumption that 
undisturbed, closed canopy forest would be most susceptible to 
disruption due to geothermal development, are as follows: 
CATEGORY 1 - Exceptional native forest; 
closed canopy, over 90% native cover 
CATEGORY 2 - Mature native forest; 
over 75% native canopy 
CATEGORY 2A - Native scrub or low forest 
CATEGORY 3 - Cleared land; non-native forest; 
bare ground or lava 
In this system, Category 1 forests are presumed to be areas in 
which geothermal development would unquestionably result in environ-
mental impact, and Category 3 lands presumed to be areas in which 
geothermal development would have little or no impact. Category 1 
forest is vulnerable because of its high native composition, which 
indicates that it is virtually undisturbed, and because of its closed 
canopy, which indicates that any development activity would result in 
changes in forest structure. Category 3 lands are assumed to be of 
little biological value owing to high degrees of disturbance or low 
percentage of ground cover. Category 2 is comprised of areas which 
did not meet the rigorous standards of Category 1, but are not so 
heavily disturbed or sparsely vegetated that it can be assumed that 
development would not result in environmental impact. Category 2A 
represents areas in which the 
the tree layer is low and 
vegetation is predominantly native, but 
scattered and does not warrant the 
designation of forest. In wet forests, Category 2A vegetation is a 
sign of disturbance, but in dry regimes, particularly at altitude or 
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along the coast, it is a healthy native ecotype. Both Category 2 and 
2A are then classifications which convey that additional information is 
needed before it can be assumed that geothermal development would 
have little environmental impact. 
The additional information needed to assess the biologic value of 
Category 2 forest pertains to forest diversity and the presence of rare 
plants. These factors were not included in the present assessment 
because this information is not available in any comprehensive form on 
such a broad scale. Information on species diversity is similarly 
unavailable in any readily accessible form. Because of these limitations 
of information availability, it is difficult to arrive at an objective 
classification for potential for impact by geothermal development for 
many forest types. There are unquestionably many excellent forest 
areas that have been placed in Category 2 because they fell just short 
of 90% native composition. There 
Category 2 which are of little 
are equally certainly 
biological interest. 
areas assigned 
Within these 
extremes, the majority of Category 2 forests are areas for which the 
USFWS vegetation type code tells only a part of the story, and 
diversity and rare plant information is required to discern the exact 
value and vulnerability to disturbance of the area. In the absence of 
a compelling reason to develop these areas, a reasonable assumption is 
that they are valuable and should not be disturbed. Where there is 
compelling reason to consider development, field reconnaissance of 
individual areas will be required to determine what, if any, level of 
environmental impact would result from development. Similar con-
siderations apply to Category 2A areas. Vegetation types are assigned 
to Category 2A based on growth form, not biological value or environ-
mental impact considerations. However, it may be worthwhile to 
emphasize that in wet areas at intermediate elevations, Category 2A 
usually represents a disturbed area or recent lava flow. 
In summary, Category 1 areas are those in which substantial 
environmental impact can be expected to result from geothermal 
development, Category 2 and 2A areas are those in which geothermal 
development should be assumed to result in environmental impact in the 
absence of additional information, and Category 3 areas are those in 
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which geothermal development may be expected to have little or no 
environmental impact. 
Clearly the environmental advantage lies in developing within 
Category 3 areas. It is also worthwhile to note that environmental 
impact, especially on native forest birds, may result from development 
immediately adjacent to Category 2 areas or endangered species 
habitat, even if the site is Category 3, if it is in close enough 
proximity for noise or pollution to carry to the forest. In these 
instances, buffer zones can be utilized to mitigate any impact which 
may occur. 
Rare Plants 
Of Hawaii's seven plant species which are formally listed as 
endangered, only one, the Hawaiian vetch (Vicia menziesii) is found 
within the resource areas (see Figure 4). However, Hawaii has 
numerous rare plants, over 800 of which have been proposed for 
listing as endangered. Undoubtedly many of these candidate species 
may be found within the resource areas. For example, the endemic 
Hawaiian fern, Adenophorus periens, is known to be present in the 
Kahauale'a section of the Kilauea East Rift Zone. 
Currently available information on rare species does not permit a 
comprehensive inventory of these species and their location, and 
therefore has not been addressed in this study. Protection of rare 
plant species will have to be undertaken on a project-by-project basis, 
where botanical surveys of specific areas being considered for 
development are possible. The forest categories presented in this 
study do not relate to endangered plant species presence. It should 
not be assumed that Category 3 areas will contain no rare plant 
individuals. Isolated rare native species are not uncommonly found in 
disturbed, non-native surroundings. Such individuals should be 
identified and protected, but the scope of the present study precluded 
such detailed analysis. Areas with high concentrations of rare plants 
are biologically valuable, and the presence of rare plants is one 
criteria which should be used in determining the potential impact of 
geothermal development in Category 2 areas. For example, the 
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Category 2 forests in the southwest quarter of the Mauna Loa East Rift 
area are the home range of Vicia menziesii and should therefore be 
considered very sensitive to environmental impacts, despite the fact 
that the forest type alone does not warrant ranking them in Category 
1, Other areas such as this definitely exist within Category 2, and 
this is one reason why it is important to more completely characterize 
these areas before their sensitivity to impact is assigned. 
FAUNA 
Forest birds found in the resource areas include the I'iwi, 
Apapane, Elepaio, and others. The specific native forest birds 
present at a site are not as important as the relative value of the area 
as native bird habitat in general. !\lost native birds share habitat to 
some degree, and it is this characteristic which permits use of the 
existence of endangered bird habitat as an index of overall native bird 
habitat value. Because the list of native birds in the resource areas 
is long, discussion here will focus only on the endangered fauna found 
in the resource areas. 
Federally designated threatened or endangered fauna within the 
resource areas include seven forest bird species, two seabird species, 
the Nene, the Hawaiian Hawk (Io) and Crow (Alala), and Hawaii's only 
resident mammal, the Hawaiian Hoary Bat. These species and their 
treatment in the resource area overlays are outlined below. 
'Alala (Corvus tropicus) - One of the most critically endangered 
species in the United States. Population estimate 10-50 birds in 
the wild. Last field census reported 7 birds. Essential habitat 
identified, intersects majority of Hualalai resource area and flanks 
Kahuku Ranch resource areas (DLNR, 1984). 
Hawaii Forest Birds - Includes the Hawaii Creeper (Loxops maculatus 
mana), Hawaii 'Akepa (Loxops coccineus coccineus), Akiapola1au 
CHeiiiignathus wilsoni), and 'O'u (Psittirostra psittacea). All are 
moderately endangered, with populations in the high 100's or 
above, except the 'O'u, which is relatively rare and has a much 
smaller population. Essential habitat common to all four species 
has been identified, and intersects all of the East Mauna Loa Rift 
area, most of Hualalai and Upper Puna, and flanks Kahuku Ranch 
( USFWS, 1982). 
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Maui Forest Birds - Includes Crested Honeycreeper (Palmeria dolei), 
~laui 'Akepa (Loxops coccineus), Maui Parrotbill (Pseudonestor 
xanthophrys). Essential habitat not yet identified. Distribution 
determmed by USFWS, intersects upper Hana (Scott, 1984). 
Nene (Branta sandwicensis) - Moderately endangered, maintained by 
captive breeding. Essential habitat identified, intersects all of 
East ~launa Loa Rift, most of Hualalai, and the upper elevations 
of Kahuku Ranch (USFWS, 1983). An upland bird adapted to 
sparse vegetation the Nene may be less sensitive to the presence 
of geothermal development than other native birds. 
Hawaiian Hawk (Buteo solitarius) - Relatively common over a wide 
range. No essential habitat established. Known nesting sites 
established by USFWS lie mainly in Lower Puna and East ~launa 
Loa Rift, but nesting observations are far from exhaustive and lie 
mainly along roadways and other accessible areas (Griffin, 1984). 
Hawaiian Dark-Rumped Petrel (Pterodroma phaeopygia sandwichensis) -
Primary nesting colonies on Maui, outside of resource areas. Also 
observed within Napau Crater in Volcanoes National Park (USFWS, 
1983). 
Hawaiian Hoary Bat (Lasiurus cinereus semotus) - A poorly charac-
terized species (Kepler and Scott, 1980). No know roosting sites 
within resource areas. Most frequently observed in non-native 
vegetation. Impact of development on foraging habitat uncertain, 
possibly minimal. 
Newell's Manx Shearwater (Puffinu puffinus newelli) - Classified as 
threatened. No known nesting colomes w1thin resource areas. 
May occasion Upper Puna and East Mauna Loa Rift (Jacobi, 1984). 
Impact of development uncertain, may be minimal. 
Figure 5 provides sketches for reference for the species named 
above. 
Invertebrates 
Rare invertebrates known to exist in the resource areas include 
scientifically important fruit flies (giant Drosophila spp), tree snails 
(Partulina spp), and special care-adapted fauna residing in lava tubes. 
point of important genetic 
East Rift and Hualalai areas, 
' The giant DrosophQ>la species, focal 
research, are found in the Mauna Loa 
and at upper elevations at Hana and Kahuku Ranch (Carson, 1984). 
Tree and land snails, many of which, like other Hawaiian 
invertebrates, are found nowhere else in the world, are associated 
primarily with native forest and probably exist in all resource areas. 
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Cave-adapted fauna might be found in lava tubes underlying any 
resource area, but are known to exist in Mauna Loa East Rift and 
Kilauea East Rift. These lava tube ecosystems are dependent on intact 
penetrating ohia root systems for their moisture supply, and are 
vulnerable to any development which results in forest clearing. While 
invertebrate species often receive less attention than vertebrate fauna, 
they comprise an important part of native ecosystems. Impacts on 
these species may be largely avoided by avoiding siting in native 
forest areas. 
SURFACE WATER IMPACT 
Geothermal development activities should not directly affect 
existing land uses since there are no surface streams located in the 
recommended areas. While drilling and construction phases of 
geothermal development may be a cause of concern, little or no 
environmental impacts are expected. However, if surface water 
becomes available, accidental pollution of streams should be prevented 
by use of adequate and safe disposal methods of geothermal brine. 
Following initial development of the geothermal resources, the 
production of potentially valuable associated geothermal products--
demineralized water and mineral salts--could have beneficial 
environmental consequences. 
development~ is desirable and 
From a resource point 
should be considered. 
of view, their 
However, then 
recovery and production of byproduct mineral salts from geothermal 
brines is not economically feasible, adequate and safe disposal by 
reinjection will be utilized. 
Almost all geothermal fluids have a total dissolved solids content 
greater than 1000 ppm, and their indiscriminate discharge into 
streams, ponds, and watersheds should not be allowed. The normal 
disposal practice is expected to be by reinjection. In some cases it is 
possible that byproduct fluids may be of satisfactory quality to be 
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disposed of without treatment. Surface disposal, in these case, could 
be allowed under controlled conditions. 
Environmental impacts on surface waters resulting from the 
development of geothermal resources in the prospective geothermal 
subzones are expected to be minimal. None of the subzones under 
consideration contains perennial streams. One, the Haleakala East Rift 
Zone in Maui, contains a small intermittent stream and the headwaters 
of several other intermittent streams that exit the subzone at their 
upper reaches. 
GROUNDWATER HYDROLOGY 
Ground water in the various geothermal areas may occur as 
(1) perched water, (2) dike water, and (3) basal water. 
Perched water, the least common, is water that is ponded on ash 
beds, soil formed on weathered lava, and on dense lava flows. Most 
perched water bodies are thin and show little lateral extent. The 
presence of perched water may be indicated by perched springs, 
usually found at higher elevations (Figure 6) . 
Dike water is water impounded in compartments between dikes in 
the rift zones of the volcanoes. The numerous dikes form nearly 
vertical walls that are less permeable than the masses of ordinary lava 
flows between them. In some of the dike complexes water is held 
between the dikes to a height of more than 2, 000 feet above sea level. 
Basal water occurs most commonly in the islands. The ,basal 
ground water body is the fresh water resting on salt water within the 
permeable rocks that make up most of the base of the islands. In the 
areas considered, ground water will not be adversely affected because 
geothermal wells are drilled past the ground water aquifer. In 
addition, surface casing will be set and cemented through a competent 
subsurface formation below the basal lens. The drilling, casing 
installation, maintenance and abandonment of all geothermal wells, 
including re-injection wells will be regulated and monitored to protect 
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the groundwater aquifer. Subsurface disposal of geothermal fluids by 
re-injection would be allowed only under controlled conditions, and 
alternate safe disposal methods should be developed. 
KILAUEA EAST RIFT ZONE 
Ground water occurs as dike water and basal water in the Kilauea 
East Rift Zone. 
Mountain View. 
The only known perched water exists north of 
Basal water underlies all of the Kilauea East Rift Zone except 
where dikes occur. Hydraulic gradients along the northeast coast of 
Puna range between 2 and 4 feet per mile, with water-table elevations 
of 12 to 18 feet above sea level 5 to 6 miles inland. Along the 
southeastern coast, gradients range between 1 and 2 feet per mile, 
with water-table elevations of 3 to 4 feet above sea level a mile and a 
half inland. The main reason for the difference in hydraulic gradients 
between the northeast and southeast coasts is the amount of rainfall 
per unit of surface area and the barrier effect of the east rift zone on 
ground water movement. The effectiveness of the east rift zone as a 
barrier to ground water movement is demonstrated by the difference in 
basal water-table levels (Figure 7) . 
The only significant source of saline water that contaminates the 
basal aquifer is sea water, with a chloride content of approximately 
19,000 mg/1. Because of the effects of mixing, most ground water at 
the coast is brackish. Salinity and temperature vary greatly north 
and south of the rift zone. Wells and shafts north of the rift zone are 
characterized by lower temperatures and lower salinities. Wells in and 
near Keaau have water temperatures of 66° to 68°F. The water tem-
perature of wells near Pahoa ranges between 72° and 7 4°F. Wells 
located more than 3 miles inland generally have a chloride concen-
tration of less than 20 mg/1. South of the rift zone, high well-water 
temperatures and salinities are encountered. 
the Malama-Ki well, 2783-01, in 1962 was 
between 5500 and 7000 mg/1 at pumping rates 
The water temperature of 
127°-130°F with salinity 
of 100 to 480 gpm. The 
water temperature of thermal test well No. 3 in 1974 was 199°F, with 
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salinity of 2000 mg/1. The average chloride content of ground water 
south of the rift zone is probably greater than 300 mg/1, probably due 
in part to heating of sea water by volcanic activity below the basal 
lens. The warmer, less dense sea water rises, contaminating the fresh 
water in the basal aquifer. 
OTHER POTENTIAL SUBZONES 
Ground water occurrences in the other potential subzones are 
similar to that found in the Kilauea East Rift Zone. Basal water 
underlies the areas except where the dikes of the rift zones occur. 
Isolated occurrences of perched water may be found but it would be of 
little significance. Water levels would vary according to the amount of 
rainfall in the area and the barrier effect of the rift zones. IV ater 
temperature and salinity in the rift zones would vary with the amount 
of residual heat from past volcanic activity. The greater the amount 
of heat present, the greater the temperature and salinity of the 
ground water. 
AIR QUALITY 
Assessment of air quality impacts resulting from geothermal 
development requires examination of ambient air quality in geothermal 
rift zones, emissions from geothermal wells and power plants, and the 
current level of geothermal emission abatement technology. Ambient 
air quality and potential environmental 
discussed in this report, geothermal 
abatement techonology are discussed in 
Geothermal Technology, Circular C-108. 
impacts from 
development 
a seperate 
emissions are 
emissions and 
report entitled 
Environmental risks are due primarily to atmospheric emissions of 
noncondensing gases from the development and operation of geothermal 
wells and power plants. Hydrogen sulfide, and particulate sulfate 
from the atmospheric oxidation of hydrogen sulfide, benzene, mercury 
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and radon are considered to be the more significant noncondensing 
gases from a health standpoint (Layton, 1981). 
In addition, disposal of geothermal fluids can also pose a health 
risk if the disposal contaminates surface waters or, if injected, ground 
waters. The presence of arsenic in geothermal fluids is also a 
consideration. 
The chemical composition of gases varies with the location of the 
geothermal reservior; however, the major constituent is typically 
carbon dioxide, and significant amounts of methane and hydrogen 
sulfide with trace amounts of benzene, radon and mercury. It should 
be noted that gases from igneous-related geothermal resources such as 
Kilauea East Rift Zone typically have much lower quantities of benzene 
or none at all. 
Exposure to atmospheric concentrations of hydrogen sulfide, 
benzene, radon, and mercury poses potential hazards to public and 
occupational health. In addition, exposure to hydrogen sulfide and 
toxic chemicals contained in abatement systems also poses an 
occupational health hazard. (Layton, 1981). 
HYDROGEN SULFIDE 
Hydrogen sulfide is found in nearly all high temperature 
geothermal fluids. 
sulfide springs and 
It also occurs naturally in coal, natural gas, 
lakes and is a product of anaerobic decomposition 
of sulfur containing organic matter. 
Production of hydrogen sulfide from volcanic gases is the result 
of the action of steam on inorganic sulfides at high temperatures. The 
same reaction is responsible for the production of the gas in steam 
from geothermal wells. 
Hydrogen sulfide is a colorless gas which has a characteristic 
obnoxious odor of rotten eggs even at low concentrations (the odor 
threshold is in the micrograms per cubic meter). At higher 
concentrations the gas is toxic to human and animals and is corrosive 
to many metals (National Research Council, 1979). In humans at low 
concentrations it causes headache, conjuctivitis, sleeplessness, pain in 
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the eyes, and similar symptoms. At high concentrations the gas can 
paralyze the olfactory nerve and at higher concentrations, result in 
rapid death. The following table identifies the range of effects at 
various concentrations. 
Because hydrogen sulfide is rapidly oxidized in the blood to 
harmless and easily elimanted sulfates, it is considered a noncumulative 
poison. There is no evidence to indicate hydrogen sulfide is 
carcinog·enic, mutagenic or teratogenic (Layton, 1981). 
Plant species differ widely in their response to hydrogen sulfide, 
and in their response to different concentrations of the gas. Long-
term exposure to hydrogen sulfide results in damage to plants at 
concentrations between 0. 042 mg/liter (0 .03 ppm) and 0.42 mg/liter 
(0. 03 ppm). However at 0. 03 ppm some species exhibit growth 
stimulation, but at 0. 3 ppm these species show damage (National 
Research Council, 1979). 
Table 1 summarizes hydrogen sulfide concentrations in the ambient 
air in the Kilauea East Rift Zone. Various standards, worldwide means 
and biological impact values are indicated. 
The authors of the Environmental Baseline Survey at the Kilauea 
East Rift concluded in their first year report that current hydrogen 
sulfide levels in the Kilauea East Rift Zone are very low, and well 
below biological impact values. Occasional short-term H2S episodes 
were observed during the baseline survey at two sites (Site 4, and 
Volcano Village, see Figure 8) but were of short, less-than-a-day 
duration and only at modest concentration levels. 
SULFUR DIOXIDE AND ACID RAIN 
Hydrogen sulfide, released from geothermal facilities will oxidize 
in the atmosphere to sulfur dioxide, which is then oxidized to sulfate 
aerosols (Layton, 1981). Sulfur dioxide is injurious to human health 
and the environment and is the princpal precursor of acid rain. 
Studies dealing with acute inhalation of sulfur oxides generally 
indicate that health effects are unlikely at the ambient levels expected 
to occur as a result of atmospheric oxidation of hydrogen sulfide. 
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Table 1. Comparison of Hydrogen Sulfide Concentrations 
with Standards, Worldwide Means, and Biological Impact Values 
Source: 
Parameter 
Site 2, multi-dayl 
integrated samples 
Site 4, multi-dayl 
integrated samples 
Remote Site A, multi-dayl 
integrated samples 
Remote Site 8, multi-dayl 
integrated samples 
Remote Site D, multi-day1 
integrated samples 
Site 2, 15 min. avg,2 
Site 4, 15 min. avg,3 
Volcano Village, real time values~ 
Colort~c Card NetworkS 
multi-day integrated values 
Ambient Air Quality Stds. 
1 hr., California 
New York 
TLV6 
1 time, U.S.S.R. 
24 hrs., U.S.S.R. 
Typical Atmospheric Background 
Miami, Florida, Polluted Air7 
North Carolin.:l, Polluted Marsh 7 
United States 7 
Panama7 
Colorado 7 
Illinois & Missour1 7 
Miami, Florida7 
West Germ.any7 
Island of Sylt (~orth Sea) 7 
Ivory Coast 7 
France7 
Above Polluted Air, New Zealand7 
Polluted Air, U.S.A.7 
Houck, Vol. 1, 1984. 
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Concentration 
(ugfml) 
< 0.07-0.7 
< 0.06- 1.8 
< 0.06 - 0.8 
< o. 1 - 1. 2 
< 0.06 - 0.5 
< o. 8 - 2. 0 
< o. 8 - 11 
< 1.5 - 10.1 
< = 10 
152 
152 
9.1 
9.1 
15,000 
0.3 
0.17 
-
1.15 
80 
0.15 - 0.45 
0 
- 1.0 
0.04 
0.12 - 0.3 
0.008- o.os 
0.035- 1.65 
0.1 
0.1 _ 8. 7 I 
0.017- 0.17 
1,000 
-1~0~0- - - - - - -
Source: 
Table 1. (Continued) 
Parameter Concentration 
("g/ml) 
No injury to 29 plant species, 60,000 
fumigated for 5 hrs. 
No damage to Boston Fern, apple, 
cherry, peach and Coleus, 
fumigated for 5 hrs. 
600,000 
Moderate damage to gladiolus, rose, 
castor bean, sunflower and 
buckwheat, fumigated for 5 hrs. 
60,000 to 600,000 
Odor threshold. No reported 1 - 45 
injury to health 
Threshold of reflex effect on eye 10 
sensitivity to light 
Smell slightly perceptible 150 
Smell definitely perceptible 500 
Minimum concentration causing eye 15,000 
irritation 
Maximum allowable occupational 30,000 
exposure for 8 hours (ACGIR 
Tolerance Limit) 
Strongly perceptible but not in- 30,000 - 60,000 
tolerable smell. Minimum concentration 
causing lung irritation 
Olfactory fatigue in 2-15 minutes; 
irritation of eyes and respiratory 
tract after 1 hour; death in a to 
48 hrs. 
150,000 
No serious damage for 1 hour but 
intense local irritation; eye 
irritation in 6 to a minutes 
270,000 - 480,000 
Dangerous concentration after 30 
minutes or less 
640,000 - 1,120,000 
Fatal in 30 minutes 
Rapid unconsciousness, respiration 
arrest, and death, possibly 
without odor sensation 
900,000 
1,160,000 
Immediate unconsciousness and rapid 1,500,000+ 
death 
1/25/83 - 11/10/83 
2 5/18/83 - 9/1/83 
l 11/18/82 - 5/25/83 
• 9/12/83 - 11/8/83 
5 12/14/82 - 12/12/83 
- 1,370,000 I 
6 American Industrial Hygiene Assoc., Maximum Reco~mendations 
for Exposure, 8 hrs/day, 5 days/week 
1 Source: Aneja, V.P., et al., Biogenic Sulfur Compouuds 
and the Global Sulfur Cycle, J, ~r Poll. Control Assoc., 
1982, v. 32, pp. 803-807. 
Source of other comparison values: Chemical Rubber Co., 
Handbook of Environmental Control, Volume 1, Air Pollution, 
1972, and U.S. Dept. of Health, Education and Welfare, 
Preliminary Air Pollution Survey of Hydrogen Sulfide, 1969. 
Houck, Vol. 1, 1984 
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Other epidemiological studies suggest that the inhalation of particulate 
sulfates rather than sulfur dioxide is a primary source of risk 
associated with long-term, low-level exposure to polluted air. Sulfate 
aerosols are respiratory irritants, and are used to measure the health 
hazard of exposure to polluted atmospheres containing sulfur oxides 
and particles. 
Acid rain usually originates with emissions of sulfur dioxide-S02 , 
which can oxidize to S03 , and eventually forms H2so4-sulfuric acid, 
which falls as acid rain. Three potential sources of acid rain are: 
(1) natural volcanic emissions, (2) geothermal emissions, and (3) 
emissions from oil-fired power plants. 
In the absence of a volcanic activity, sulfur dioxide values are 
low. However, during an eruption concentrations, due to volcanic 
activity, can exceed human health and plant impact values for days at 
a time. 
Rainwater in the Puna and Ka'u districts in the vicinity of the 
Kilauea Rift Zone, is slightly acidic due to not only acidification from 
local volcanic sources of sulfur dioxide but also from long-range 
transport of pollutants across the Pacific. 
At present, it is notable that no detectable amount of sulfur 
dioxide is emitted from the Puna HGP-A facility noncondensed gas 
stream. Hawaiian geothermal developments are expected to have 
abatement systems which can abate hydrogen sulfide emissions by 
about 99%, which should meet proposed state Department of Health air 
quality standards for geothermal development of 98% H2s abatement 
during goethermal power plant operation in addition to an incremental 
standard. 
It is expected that the remaining unabated 1% H2s would take 
several days to become acidic and by that time, prevailing winds 
should take any pollutant remaining out to sea. 
It should be noted that due to the sulfur content of fuel oil, 
oil-fired power plants may emit about 100 times more sulfur dioxide per 
megawatt-hour than would a geothermal power plant (Thomas, 1984). 
As such, replacement of oil-fired power plants capacity with geothermal 
plants may actually reduce the potential for acid rain. Thus, acid 
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rain resulting from geothermal sources should not significantly effect 
nearby land areas. 
Table 2 summarizes sulfur dioxide concentrations in the ambient 
air in the Kilauea East Rift Zone. Various standards, worldwide 
means, and biological impact levels are also indicated for comparison. 
BENZENE 
Benzene is associated with the gas phase of fluids derived from 
geothermal reservoirs of sedimentary origin. Igneous-related 
geothermal systems, such as Kilauea exhibit smaller levels of benzene 
or none at all because such systems contain less organic matter. 
(Layton, 1981). 
Benzene is a hematotoxin that can cause various blood disorders. 
Epidemiological studies of workers exposed to benzene provide strong 
evidence that the chronic inhalation of benzene can lead to leukemia. 
i\IERCURY 
The health effects of long-term exposure to airborne elemental 
mercury have been studied less than the effects from ingestion of 
foods contaminated with the methylated form of mercury. However, 
epidemiological studies indicate that persons exposed to mercury vapor 
in the work environment have shown mercury intoxication resulting in 
muscle tremors, psychosomatic disturbances, deterioration of 
intelligence, inflammation of the oral cavity and lens discoloration 
(eye) . c;lercury emissions from geothermal facilities are not likely to 
cause acute health effects; however, prolonged exposure to 
atmospheric mercury may cause subtle effects such as psychosomatic 
disturbances and finger tremors. (Layton, 1981). 
Elemental mercury vapor was measured in the Baseline Survey for 
the Kilauea East Rift Zone, and an increase in the particulate mercury 
content of samples during the January 1983 Kilauea eruption was 
noted. Table 3 from the Baseline Survey, Volume 1, provides a 
comparison of elemental mercury vapor and particulate mercury 
concentration in the Kilauea East Rift zone. Comparison with 
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Table 2. Comparison of Sulfur Dioxide Concentrations 
with Standards, Nationwide Means, and Biological Impact Values 
1/25/83 - 12/1C/3J 
2 5/28/83 - 9/1/83 
12/18/82 - 5/26/83 
Parameter 
Site 2, multi-dayl 
integrated samples 
Site 4, multi-dayl 
integrated samples 
Remot~ Site A, multi-dayl 
integrated samples 
Remote Site B, multi-dayl 
integrated samples 
Remote Site D, multi-dayl 
integrated samples 
Site 2, 15 min, avg,2 
Site 4, 15 min, avg.l 
Volcano Village, real time values 5 
Ambient Air Quality Stds. 
24 hr., Pri~ry U.S. 
Annual mean, Pr~r; U.S. 
24 hr. , Hawaii 
Annual ~an, Rawaii 
1 hr., California 
8 hr., California 
1 hr., New York 
24 hr., Nev York 
1 time, U.S.S.R. 
24 hr., U.S.S.R. 
nv• 
Typical Atmospheric Background 
Yearly Avg. S02 (1968) 
Chicago 
Cincinnati 
Philadelphia 
Denver 
St. Louis 
Washington, D.C. 
Maximum 24 hr. avg. (1968) 
Chic: ago 
Cincinnati 
Philadelphia 
Denver 
St. Louis 
~a!h~njt~n~ D.C. 
Concentration 
("g/m3) 
< 0.06 - B. 7 
< 0.06- 43 
< 0.06 - 26 
0.14- 39 
< 0. OS - 31 
< 1. 4 3. 4 
< 1.4 - > 286, 
< 4.0- > 1964 
365 
80 
60 
20 
2, 857 
857 
714 
286 
1,543 
171 
13,000 
0.6 
343 
57 
229 
29 
86 
114 
1, 457 
229 
> 98i" 
' Plant Leaf Sy'ttlp cocas, 24 hr. exposure 
1,029 
143 
457 
514 
800 
Plant Chlorosis, single exposure 
Plant Chlorosis, annual avg. 
Plant Growth Altered 
Od.or 
Taste 
Epidemologic:al Significance 
(24 hr., annual avg.) 
> 714 
86 
143- Sil 
1,4~8 - 2,000 
286 - 657 
43 
Pulconary Function, 10 min. exposure 
Discomfort 
4,571 
Source: Houk 1984 
Severe Distress, 10 min. exposure 14,265- 26,570 
This monitor was les~ than one kilometer from Site 4, 
hence 15 min. values areatly in exce•s of 983 !JI/!DJ 
unquestionably occurred at Site 4. 
~ Tbe maxi~um dynamic: range of, the continuous R:S/S02 
monitor is 100 ppb (286 1.1g/m·) d.ue to it.s duig-a 
5 11/8/63 - 12/31/83 
6 American Industria! Hygiene Assoc., Maximum 
Recommendation for Exposure, 8 hrs/day, 5 days/week for sensitive law-level background work. Durin& the 
first phases of the Kilauea eruptions, this value vas 
exceeded frequently. The State of Hawaii Dept. of 
Health reported on 1/8/83 a 24 hr. mean of 983 ua/m). 
Source of Comparison Daca: Chemical Rubber Co •• Handbook 
of Environmental Control, Volume 1, Air Pollution~ 1972. 
-22-
Table 3. Ambient Mercury Concentration - Comparison Values1 
Sample Description 
Kilauea East Rift (This Studv) 
Hg 0 Vapor 
Concentration 
n0!:/m 1 
4-45 
Total Particulate ~ercury below detection limit - 4 
At~suheric Concent~ations 
Palo Alto, CA (vapor) 
Los Altos, CA (vapor) 
East Chicago, I~ (particulate) 
Niles, MI (particulate) 
Columbia, MO (particulate) 
Chicago, IL (particulate) 
Philadelphia, PA (particulate) 
Denver, CO (particulate) 
New York, NY (particulate, indoor) 
New York, NY (par~iculate, outdoor) 
Houston, TX (particulate) 
Beaumont, TX (particulate) 
Toronto, Canada (particulate) 
Cincinnati, OH (total) 
Charleston, ~~ (total) 
"unpolluted air" (vapor) 
Pacific Ocean (20 miles offshore)(vapor) 
Pacific Ocean ~inds measured in California (vapor) 
California (vapor) 
Background, Arizona and California (vapor) 
Kamchacka (vapor) 
Moscow and Tula regions (vapor) 
Non-~nearalized, non-urban areas (coca!) 
Ambient Air Qua1H7 Standards (24 hour Average) 
Bulgaria 
G~nnany (Democratic Republic) 
Israel 
Romania 
Soviet Union 
Occupacional Exposure Standards 
Czechoslovakia (inorganic) 
Germany (Democratic Republic)(inorganic) 
Germany (Federal Republic)(inorganic) 
Great Britian (inorganic) 
Hungary (inorganic) 
Japan (inorganic) 
Poland (inorganic) 
IJS.\2 (total) 
USA 3 (total) 
USSR (inorganic - ceiling values) 
USSR (Alkyl - counting values) 
Volcanic Sources 
Ht. St. Helens Plume 
September, 1980 eruption 
Air of vent Breccias of mud volcanoes 
Gases of mud volcanoes 
Gases, Hendeleev and Sheveluch volcanoes 
Gases from Hot Springs, Kamchatka and Kuriles 
1-10 
1-50 
2-5 
2 (cypical) 
.2-.5 
3-38 
2 (typical) 
2 (typical) 
1-41 
1-14 
<3 
50 
<1-4 
100 
170 
8 (average) 
.6-. 7 
0.2 (average) 
1-50 
1.6-7.2 
190 
80-300 
3-9 
300 
300 
10,000 
10,000 
300 
.50,000 
100,000 
100.000 
100.000 
20,000 
so.ooo 
10.000 
10,000 
100.000 
10,000 
5,000 
75G-1800 
300-700 
700-2000 
300-4000 
10,000-18.000 
Sources: Liptak, B.G., Air Pollution, Environmental Engineers' 
Handbook, Volume 2. 1974; Chemical Rubber Company, Handbook 
of Environmental Control, Volume 1, ~ir Pollution; U.S. Department 
of Labor, OSHA 2234, Mercury, Job riealth Series, 1975; Noyes Data 
Corporation, 1974, Pollution Detection and Monitoring Handbook; 
U.S. Geological Survey Professional Paper 713, Mercury in the 
Environment, 1970; Lenihan, J. and Fletcher, W.W., 1977, Environment 
and Man, Volume 6, The Chemical Environment, Academic Press; and 
Varekamp, J.C. and Buseck, P.R., 1981, Mercury Emissions from 
Mount St. Helens during September 1980, Nature, Volume 293, pp. 555-556. 
1 American Industrial Hygiene Assoc. maximum recommendation for 
exposure - 8 hrs. per day, 5 days per week 
Occupational Safety and Health Administracion, work place 
III&Ximum level 
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atmospheric concentrations at other sites and communities outside of 
Hawaii can be made. Occupational Exposure Standards are also given. 
It should be noted that elemental mercury vapor levels and 
particulate mercury levels in the rift zone are well below ambient air 
quality and industrial standard levels, but fall within the typical range 
of atmospheric concentrations. 
Mercury concentrations in the East Rift Zone are also regulated 
by the inflow of trade winds from the ocean where mercury levels are 
extremely low. 
RADON-222 
Radon-222 is a radioactive gas naturally formed from the decay of 
radium contained in geologic materials. Due to the radioactivity of 
Radon-222 and its daughter products, and the fact that Radon-222 is a 
gas which can be inhaled, high Radon-222 concentrations are injurious 
to human health (Houck, 1984). Exposure to high levels of radon and 
its daughters is known to induce lung cancer. This has been 
documented by the excess cases of lung cancer among underground 
miners exposed to high levels of radon (Layton, 1981). 
High radon emission rates are associated with volcanic and 
geothermal areas. Ambient concentrations of radon, measured in the 
Kilauea East Rift Zone Environmental Baseline Survey (Houck, 1984, 
page 106) range from 130 to 1000 pCi/m3 (picoCurie of radiation per 
cubic meter) and up to 1960 pCi/m3 in the remote Site B (see Figure 
8)--an area of active volcanism. 130-1000 pCi/m3 is considered to be 
more representative of the values to which rift zone residents are 
exposed. Table 4 shows that this range is not unusual for outdoor 
exposure levels and is well below indoor exposure levels of North 
American and European homes. Even the maximum level measured at 
the remote site is well below standards. 
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Table 4. Comparison of Radon-222 Activities 
with Indoor and Outdoor Values and Standards* 
Location 
KILAUEA E. RIFT (THIS STUDY) 
Range of Reported Values 
(pCi/m3) 
- 1960 
Kilauea E. Rift (excluding Remote Site B) 
130 
130 
50 
15 
70 
20 
- 1000 
lllinois (outdoor) 
New York 
Ohio 
Florida 
California 
(outdoor, city & State) 
(outdoor) 
(outdoor) 
(outdoor) 
~ssachusetts (indoor) 
Tennessee 
Florida 
New York 
Above Oceans 
(indoor) 
(indoor) 
(indoor) 
OSHA Uranium Mine Standard 
U.S. EPA Indoor Standard for houses 
around inactive uranium mill tailings 
California Ambient Air Standard 
Houses built on Florida Phosphate 
Mining Regions: 
Level requiring remedial action 
Level requiring reduction to a 
reasonably feasible level 
Houses built on Canadian Uranium 
Mining Regions: 
Prompt remedial action required 
Remedial action required 
Investigation recommended 
Sweden (max~ levels): 
Existing buildings 
Houses undergoing remodeling 
New houses 
Union of Concerned Scientists: 
Remedial action indicated 
Remedial action suggested 
1% risk increase of dying of lung cancer 
increment (lifetime exposure) 
- 1000 
2.5 
< 5 
130 
30 
60 
500 
- 1040 
300 
10 
940 
- 4800 
- 3600 
10 
66,000 
4,000 
3,000 
4,000 
2.000 
30,000 
4,000 
2.000 
11.000 
5,000 
2,000 
390 
• s.ooo 
2,000 - 5,000 
4,000 
*Data is from a collection of numerous studies compiled 
in: National Background Radiation, Report of Scienti-
fic Committee 43, National Council on Radiation Pro-
tection and Measurement, March, 1974, and, Indoor Air 
Pollution, 1983, Hileman, B., Environ. Sci. Tech.nol., 
v. 17, n. 10, p. 469A. 
Source: Houck, 1984 
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ARSENIC CONTAMINATION 
The presence of arsenic in geothermal fluids can cause negative 
health effects including skin cancer if fluids are allowed to contaminate 
surface waters or ground waters. 
Common practice is to inject residual geothermal fluids back into a 
geothermal reservoir for disposal, thus isolating spent fluids from 
drinking water supplies. Injection wells like geothermal wells are 
drilled past the ground water aquifer and cased so that no leakage to 
an aquifer can occur. 
OTHER GASES 
The Environmental Baseline Study for Kilauea East Rift included 
data on chlorine gas and carbon monoxide. Table 5, presenting 
survey measurements, standards, and biological impact values for 
chlorine gas, is provided for reference. 
AMBIENT AIR QUALITY IN THE KILAUEA EAST RIFT ZONE 
Quantification of pre-development concentrations of naturally 
occurring emissions in geothermal rift zones is essential in order to 
assess any future changes in emission concentrations resulting from 
development of the geothermal resources. 
Quantification has been undertaken by the State Department of 
Planning and Economic Development in a two-year environmental 
baseline survey of the Kilauea East Rift Zone (Houck, 1983). Volume 
1 of the survey report covers the period between December 1982 and 
December 1983. 
January 1, 1984 
A second-year progress report for the period between 
and May 31, 1984 is also available. 
The principal parameters measured in this study include 
atmospheric concentrations of particulate material, sulfur dioxide gas, 
hydrogen sulfide gas, chlorine gas, carbon monoxide gas, elemental 
mercury vapor, radon, elemental and organic content of particulate 
material, rainwater pH, elemental and anionic content of rainwater, and 
wind speed and directions. 
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Source: 
Table 5. 
With 
Comparison of Chlorine Gas Concentrations 
Standard and Biological Impact Values 
Parameter 
Site 2, multi-dayl 
integrated samples 
Site 4, multi-dayl 
integrated samples 
Remote Site A, multi-day1 
!~teb=~ted S3m?le~ 
Remote Site B, multi-dayl 
integrated samples 
Remote Site D, multi-day1 
integrated samples 
nv2 
Damage to some plants (2 hr. exposure), 
bleaching berween veins, 
leaf abscission 
Coleus (2 hr. exposure), 
incipient injury 
Azalea (4 hr. exposure), 
incipient injury 
Corn (l hr. exposure) plants die 
Odor threshold 
Generally still tolerable for animals 
No damage when repeatedly exposed (animals) 
Exposure causes sickness 
Respiratory rate increases during exposure 
Death occurs 
Brief exposure kills even large animals 
1 1/25/83 - 12/10/83 
Concentration 
(ug/m3) 
< 0. 02 - o. 7 
< 0.007 - 0.15 
< 0.02 - 0.14 
< 0.02 - 0.37 
< 0.02 - 0.07 
1,500 
316 
1, 770 
2,500 
196,000 
450 
= 4, 741 
65,433 
~ 190,000 
632,000- 3,161,000 
:: 1,900,000 
3,161,000 
2 American Industrial Hygiene 
for exposure, 8 hrs./day, 5 
Source of Comparison Values: 
Assoc., Maximum recommendations 
days/week 
Environmental Control, Volume 
Houck, 1984 
Chemical Rubber Co., Handbook of 
1, Air Pollution, 1972. 
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In January 1984, two addtional monitors were added to measure 
inhalable and respirable particles. Also, data from other research 
sources were collected to establish baseline conditions. 
First-year results of the Environmental Baseline Survey have been 
summarized as follows (see Figure 8 for sites referenced): 
( 1) Total suspended particulate levels on the Rift Zone are extremely 
low. The combined effect of the drought, the brush fires, and 
the eruptions of Kilauea, which occurred during the study 
period, makes even these low TSP values higher than what would 
probably normally be characteristic of the Rift Zone. 
(2) Sea salt aerosol, road and soil dust, volcanic emissions, diesel 
exhaust, and organic material (pollen, spores, vegetative 
fragments, and smoke particles) are the principal current sources 
of TSP. 
(3) Sea salt aerosol is relatively more important at Sites 1, 2 and 3 
than it is at Site 4 as a source of particles due to their closer 
distance to the coastline. Conversely, volcanic fume is more 
dominant at Site 4 due to its proximity to volcanic emission 
sources. 
( 4) Sulfate particulate material and, under certain conditions, heavy 
metals contained in particulate material can be related to volcanic 
emissions. 
(5) Current hydrogen sulfide and chlorine gas levels are very low 
and well below biological impact levels. Occasional short term H2S 
episodes have been observed at Site 4 and at Volcano Village. 
These episodes are at only modest concentration levels and are 
less than a day in duration. 
(6) Sulfur dioxide concentrations due to volcanic activity can exceed 
standard values, values typical of urban areas, and human health 
and plant impact values for days at a time. Higher so2 values 
have been measured in the upper part of the Rift Zone than in 
the lower portion. In the absence of volcanic impact, so2 values 
are low. 
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(7) Rain water is slightly acidic in the Puna and 
the long range transport of pollutants 
Ka'u districts due to 
across the Pacific. 
Locally, additional acidification occurs due to volcanic emissions of 
so2 , and rainfall collected within approximately ten kilometers 
downwind of sources of volcanic fume have a consistently lower 
pH. Conversely, sea salt aerosol reduces the acidity of rain, and 
areas closer to the coastline have a tendency to have a higher 
pH. 
(8) The chemical composition of rain shows the impact of sea salt and, 
to a lesser extent, geological materials. The impact of sea salt on 
its chemical composition decreases with distance from the ocean 
(increase in elevation). Sulfate in the rain water samples is 
higher at Site 4 than at Site 2, again due to so2 emitted by the 
volcano. Nitrate is very low in the Hawaiian rain water samples. 
All trace elements which were capable of being measured to the 
level specified by drinking water criteria standards (except 
selenium) were found to be below the drinking water threshold 
values. The data for selenium is limited, but it appears that the 
drinking water threshold values may be exceeded for selenium in 
some rain water samples. Most conclusive is the fact that the pH 
of rainfall in the Puna and Ka'u districts is uniformly more acidic 
than the drinking water criteria range. 
(9) Ambient mercury and radon values were more or less typical of 
atmospheric values nationwide. The impact of volcanic emissions 
on the atmospheric radon content could be seen by noting the 
higher values measured at the site closest to the current eruption 
area in Kahauale'a. 
(10) The complexity of the land/ sea breeze and trade wind interaction 
is apparent in 
Site 2 and the 
the diurnal fluctuation of wind direction seen at 
drainage wind 
fume from Kahauale'a over 
Craters/Kalapana Road. 
phenomenon 
the Pali 
seen carrying volcanic 
along the Chain of 
(11) Both temporal and spatial variability in rainfall is dramatic in the 
Kilauea East Rift Zone area. This variability can effect the 
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magnitude of TSP material originating from such sources as road 
and soil dust and spores and pollen from vegetation. 
The first-year report also summarizes data for each type of 
emission and provides for comparison, emission standards of other 
states and countries, as well as biological impact values for each type 
of emission and includes table from the Baseline Survey. Figure 8 
shows the approximate location of survey monitoring stations in the 
Kilauea East Rift Zone. 
EMISSIONS FROM GEOTHERMAL DEVELOPMENT AND 
CURRENT ABATEMENT TECHNOLOGY 
The Geothermal Technology report, Circular C-108 of this series, 
provides a discussion of the current level of abatement technology 
available for use in developing and operating geothermal wells in 
Hawaii. 
The recommended H2s abatement system, the 
capable of removing over 99% of the H2S 
non condensable gases. 
Stretford System, is 
contained in the 
Use of this system would enable facilities to comply with the 
proposed State Department of Health air quality standard for 
geothermal developments since this standard requires 98% of the H2s 
present to be removed. 
As noted in the Geothermal Technology report, given the 
characteristics of the HGP-A reservoir fluids and the available emission 
abatement technology which would be required to comply with proposed 
State air quality standards, geothermal facility cooling tower emissions 
should not be toxic and the plume should consist entirely of water 
vapor. Brine from the plant will be injected back into the geothermal 
reservoir. 
Abatement of Radon-222 is unnecessary since the level emitted 
from the power plant is lower than most indooor levels where cement 
emits radon in most buildings. 
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STATE OF HAWAII, DEPARTMENT OF HEALTH PROPOSED 
AIR QUALITY STANDARDS FOR GEOTHERMAL DEVELOPMENT 
The State Department of Health has drafted revisions to its 
Adminstrative Rules Chapter 11-59, Ambient Air Quality Standards, 
and Chapter 11-60, Air Pollution Control, covering geothermal 
activities (see appendix B). 
Proposed revisions to Chapter 11-59-4 specify ambient air 
concentrations of carbon monoxide, nitrogen dioxide, suspended 
particulate matter, ozone, sulfur dioxide, lead and hydrogen sulfide. 
Under the proposed rule revisions, concentrations of hydrogen sulfide 
shall not exceed 139 ug/m3 or 100 ppb. 
Chapter 11-60 is to be amended by adding a new section 
11-60-23 .1 covering allowable emissions of particulates and hydrogen 
sulfide for geothermal wells and emissions of hydrogen sulfide only 
from geothermal power plants. 
Chapter 11-60 is to be further amended to provide provisions for 
prevention of air pollution emergency episodes. Table 6 summarizes in 
outline form the proposed additions and revisions to the Department of 
Health Administrative Rules. 
Chapter 11-60 is to be amended by adding sections dealing with 
geothermal wells and power plants and a section on air pollution 
emergency episodes. 
Seeton 11-60-23.1 defines geothermal wells, and sets standards 
for particulates and hydrogen sulfide. Prior to a well being connected 
to a power plant, well emissions shall not be in excess of five pounds 
of particulates, and five pounds of hydrogen sulfide, per one hundred 
pounds of each respective pollutant in the resource. After a well is 
connected to the power plant, emissions shall not exceed two pounds 
per 100 pounds of hydrogen sulfide in the geothermal resource. 
Permits to construct and operate a geothermal well are required of the 
well owner or operator. 
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Table 6. SUMMARY OF DRAFT REVISIONS/ ADDITIONS TO 
DEPARTMENT OF HEALTH ADMINISTRATIVE RULES, CHAPTER 11-59 
Chapter 11-59-4, Ambient Air Quality Standards: 
o rule limits the time averaged concentration of specified polluants 
dispersed or suspended in the ambient air. 
o limiting concentrations for a twelve-month period or a calendar 
year shall not be exceeded. 
o limiting concentrations for one-hour, eight-hour, and twenty-hour 
periods shall not be exceeded more than once in any twelve month 
period. 
o CARBON MONOXIDE 
I. Concentration shall not exceed an average value of ten 
milligrams per cubic meter of air during any one-hour period. 
2. Concentration shall not exceed an average value of five 
milligrams per cubic meter of air during any eight-hour 
period. 
o NITROGEN DIOXIDE concentrations shall not exceed seventy 
micrograms per cubic meter of air during any twelve-month 
period. 
o SUSPENDED PARTICULATE MATTER 
I. Concentration shall not exceed a geometric mean of sixty 
microgram per cubic meter during any twelve-month period. 
2. Concentration shall not exceed an average value of one 
hundred and fifty micrograms per cubic meter of air during 
any twenty-four-hour period. 
o OZONE concentrations shall not exceed one hundred micrograms 
per cubic meter of air during any one-hour period. 
o SULFUR DIOXIDE 
1. Average concentration shall not exceed the average value of 
eighty micrograms per cubic meter of air in any twelve-month 
period. 
2. Average concentration shall not exceed an average value of 
three hundred sixty-five micrograms per cubic meter of air in 
any twenty-four hour period. 
3. Average concentration shall not exceed one thousand three 
hundred micrograms per cubic meter of air during any 
three-hour period. 
o LEAD--elemental lead concentrations shall not exceed 1.5 
micrograms per cubic meter of air during any calendar quarter. 
o HYDROGEN SULFIDE concentrations shall not exceed one hundred 
thirty-nine micrograms per cubic meter of air in any one-hour 
period. 
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Section 11-60-23.2 defines 
standards for hydrogen sulfide. 
geothermal power plants and sets 
Hydrogen sulfide emissions from a 
power plant shall not exceed two pounds per one hundred pounds of 
hydrogen sulfide in the incoming geothermal resource. The maximum 
allowable increase in hydrogen sulfide concentration in the ambient air 
above natural background level shall be thirty-five micrograms per 
cubic meter as a one-hour average. The maximum allowable increase 
may be exceeded once per twelve-month period at any one location. 
Permits to construct and operate a power plant are required. 
Section 11-60-19, Prevention of Air Pollution Emergency Episodes, 
is designed to prevent excessive buildup of air contaminants during air 
pollution episodes. Episodes are classified as an air pollution alert, 
air pollution warning, or an air pollution emergency. Maximum 
concentrations for each level, alert, warning and emergency are set 
for sulfur dioxide, particulate matter, combined sulfur dioxide and 
particulate matter, carbon monoxide, ozone, nitrogen dioxide and 
hydrogen sulfide. Appendix B specifies these concentrations. 
NOISE IMPACT 
During the initial phases of geothermal development, persons in 
the vicinity of a geothermal site may be exposed to noise levels 
varying from 40 to 120 decibels, depending upon the distance from the 
well site. High noise levels are produced by well drilling, production 
testing, and well bleeding before connection to the generator. While 
most operations can be effectively muffled by acoustical baffling and 
rock mufflers, some emit unavoidable noise. 
The design standard for the HGP-A Wellhead Generator Project 
specifies that the noise level one-half mile from the well site must be 
no greater than 65 decibels. Construction of a rock muffler at the 
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facility has reduced noise levels to about 44 decibels at the fence line 
of the project (See Figure 9, Noise Characteristics at HGP-A). 
Proposed county noise guidelines are 45 decibels at night and 55 
decibels by day. It is expected that geothermal facilities will comply 
with this guideline. 
HISTORIC AND ARCHAEOLOGICAL VALUES 
Historical values, in this context, refer to the range of historical 
activities carried out by early Hawaiian residents. Archaeological 
values refer to all structures and artifacts that provide evidence of 
early habitation. 
The Hawaiian land use concept of the ahupuaa is most useful in 
understanding the range of activities likely to have occurred within a 
rift zone area, as well as the potential for discovery of archaeological 
sites. For example, early coastal fishing villages often had inland 
agricultural fields. In addition to fishing and farming, various forest 
products were harvested from mauka or upland areas (i.e., koa for 
canoes, pulu for stuffing, ohia logs, birds for feathers) and early 
trail systems connected remote villages. 
Evidence of these activities found in remammg archaeological sites 
is critical to reconstructing Hawaiian history and pre-history. 
Geothermal development runs the risk of destroying such 
remaining evidence by site clearing and facility construction. 
Estimates of likely impacts can be accomplished by (1) plotting 
the location of known archaeological sites within and nearby proposed 
sub zones, (2) completing an archaeological literature search for each 
geothermal resource subzone for evidence of early human activity, and 
(3) by archaeological reconnaissance surveys on site. 
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The Department of Land and Natural Resources, Division of State 
Parks, Outdoor Recreation and Historic Sites, under its Historic and 
Archaeological Program, maintains records of all known historical and 
archaeological sites in the State of Hawaii. A survey of available 
information was made to determine the type, extent and significance of 
sites within or nearby the proposed geothermal resource subzones. 
Subzone boundaries were drawn on copies of Historic Sites maps 
showing known sites and their identification numbers. The most 
recent updated mapping, done under the Coastal Zone illanagement 
( CZM) program, was used, and where updated mapping was not 
available, other available maps prepared by DLNR, Historic Sites 
section were utilized. 
Each site located within a proposed geothermal resource subzone 
or nearby its boundaries was identified and a review of Historic Sites 
section records made. This information has been summarized in 
Appendix D including State and National Register status. 
A literature search was prepared for the Kahauale'a EIS 
(Appendix C). Similar searches accompanied by maps showing known 
sites would be prepared and on-site reconnaissance surveys performed, 
once geothermal development sites have been selected. 
SCENIC AND AESTHETIC VALUES 
Scenic and aesthetic values, in general, refer to landscape 
qualities likely to be impacted by geothermal development. Since most 
geothermal resource rift zones are located in remote wilderness areas, 
some of which are heavily forested, development of geothermal facilities 
can represent a visual intrusion. 
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Potential sources of visual intrusion include: 
o Clearing forested areas for construction of facilities 
o Temporary 2-3 month presence of drilling rigs 
o Night lighting of drilling rigs 
o Continued drilling for new wells, replacement wells, and 
injection wells (continued presence of drilling rig) 
o Permanent presence of power plant structures with cooling 
towers (50 to 65 feet in height) 
o Geothermal fluid transmission lines 
o Electric transmission lines (70 + feet in height) 
o Periodic presence of steam plumes above well heads and power 
plant cooling towers (under certain climatic conditions, steam 
plume may rise to 150 to 200 feet above the site) 
Estimates of visual impact are accomplished by preparing an area 
wide terrain analysis to determine locations outside the project area 
from which drilling rigs, power lines, power plant facilities, etc., can 
be seen. A terrain analysis of visual impacts was completed for the 
preparation of the Kahauale'a Environmental Impact Statement 
(Kahauale'a Revised EIS, June 1982) and is provided here as 
Appendix D, for reference. 
In preparing a terrain analysis of visual impacts, various 
observer location points are selected and view lines calculated at each 
site. The observer is assumed to have an eye level 10 feet above 
ground surface and power plant height is assumed to be 80 feet above 
ground level (alternate height considered is 65 feet). Profiles or 
visual perspectives are constructed to show the view lines from each 
observer location to a proposed power plant location. From such a 
profile, it is possible to determine the extent to which a site is visible 
from each observer location. 
A similar terrain analysis should be included in environmental 
impact assessments for the development of specific sites within a 
geothermal resource subzones. 
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RECREATIONAL VALUES 
Recreational values in remote areas, include hiking, hunting, 
fishing, and camping. These activities are usually not limited to 
specific areas and can therefore occur anywhere in a rift zone. 
However, there are existing, well used hiking trails in many 
areas; some have names and are segments of longer trail systems. In 
some areas, pre-historic and historic Hawaiian trail systems remain. 
Often, local hikers and hunters develop trails by usage. 
Public hunting areas referred to as game management areas are 
defined in Department of Land and Natural Resources rules and 
mapped for public convenience on handout sheets. Conditions for use 
of public hunting areas is specified in the rules; however, game may 
also be hunted on private land at any time with a valid hunting license 
and permission from the landowner. 
The impact of geothermal development to remote area recreation 
uses such as hiking and hunting may result in the loss of segments of 
some trails and could affect the number of game animals present in the 
vicinity of the geothermal development. 
STATE LAND USE DISTRICTS, COUNTY 
GENERAL PLANS AND EXISTING LAND USES 
STATE LAND USE DISTRICTS 
The State Land Use Commission has placed all lands within the 
State of Hawaii in four major land use districts: urban, rural, 
agricultural and conservation. 
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The standards for determining the boundaries of each land use 
district are set forth in Chapter 205, HRS, and are as follows: 
Urban Districts include those lands that are now in urban use 
and activities or uses as provided by ordinances or regulations of the 
county within which the urban district is situated. 
Rural Districts include activities or uses as characterized by low 
density residential lots of not more than one dwelling house per 
one-half acre and where small farms are intermixed with the low 
density residential lots. 
Agricultural Districts include activities or uses as characterized 
by the cultivation of crops, orchards, forage, and forestry; farming 
activities or uses related to animal husbandry, and game and fish 
propagation; services and uses accessory to the above activities 
including but not limited to living quarters, mills, storage facilities, 
processing facilities; and roadside stands for the sale of products 
grown on the premises; agricultural parts and open area recreational 
facilities. 
Conservation Districts include areas necessary for protecting 
watershed and water sources; preserving scenic and historic areas; 
providing park lands, wilderness, and beach; conserving endemic 
plants, fish, and wildlife; preventing floods and soil erosion; forestry; 
open space areas whose existing openness, natural condition, or 
present state of use, if retained, would enhance the present or 
potential value of abutting or surrounding communities, or would 
maintain or enhance the conservation of natural or scenic resources; 
areas of value for recreational purposes; and other related activities; 
and other permitted uses not detrimental to a multiple use conservation 
concept. 
The State Land Use Districts found in each of the potential 
geothermal resource rift zones are: 
Kilauea East Rift Zone 
districts. 
Conservation, agricultural, and urban 
Kilauea Southwest Rift Zone - Conservation, agricultural, and urban 
districts. 
l\launa Loa Southwest Rift Zone 
districts. 
Mauna Loa Northeast Rift Zone 
districts. 
Conservation and agricultural 
Conservation and agricultural 
Hualalai Northwest Rift Zone - Conservation and agricultural districts. 
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Haleakala Southwest Rift Zone 
districts. 
Conservation and agricultural 
Haleakala East Rift Zone - Conservation, agricultural, urban, and 
rural districts. 
CONSERVATION DISTRICT AND SUBZONES 
Of the four land use districts, the Conservation District is the 
only one administered by the State of Hawaii. Individual counties 
administer urban, rural and agricultural lands. 
Chapter 183-41, HRS, established Conservation Districts and 
enabled the State Department of Land and Natural Resources to 
promulgate regulations to implement the statute. Implementation was 
accomplished under the Department's Administrative Rule, Title 13, 
Chapter 2. Under this rule, the Conservation District is further 
subdivided into five sub zones: Protective (P), Limited (L), Resource 
(R), General (G) and Special Subzones (SS). 
The Protective Subzone has as its objective the protection of 
valuable resources in such designated areas as restricted watersheds; 
marine, plant, and wildlife sanctuaries, significant historic, archaeo-
logical, geological, and volcanological features and sites; and other 
designated unique areas. The Limited Sub zones are designated areas 
where natural conditions suggest constraints on human activities. The 
objective of the Resource Subzone is to develop, with proper manage-
ment, areas to ensure sustained use of the natural resources of those 
areas. General Subzones are open space areas where specific 
conservation uses may not be defined, but where urban use would be 
premature. Special Subzones are specifically designated areas which 
possess unique developmental qualities which complement the natural 
resources of the area. At the present time there are four Special 
Subzones all located on the island of Oahu. 
In accordance with the Administrative Rules of the Department of 
Land and Natural Resources, State of Hawaii §13-2-11, 12, 13, and 14 
certain uses are permitted within each of the Conservation District 
subzones. The following uses are permitted in the Protective 
Subzones: 
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( 1) Research, recreational, and educational use which require no 
physical facilites; 
(2) Establishment and operation of marine, plant, and wildlife, 
sanctuaries and refuges, wilderness and scenic areas, including 
habitat improvements; 
( 3) Restoration or operation of significant historic and archaeological 
sites listed on the national or state register; 
( 4) Maintenance and protection of desired vegetation, including 
removal of dead, deteriorated and noxious plants; 
(5) Programs for control or animal, plant, and marine population, to 
include fishing and hunting; 
(6) Monitoring, observing, and measuring natural resources; 
( 7 ) Occasional use; and 
(8) Governmental use not enumerated herein where public benefit 
outweighs any impact on the conservation district. 
The following uses are permited in the Limited Subzone: 
(1) All permitted uses stated in the (P) subzone; 
(2) Emergency warning systems or emergency telephone systems; 
(3) Flood, erosion, or siltation control projects; and 
(4) Growing and harvesting of forest products. 
The following uses are permitted in the Resources Subzone: 
(1) All permitted uses stated in the (P) and (L) subzone; 
(2) Aquaculture; 
( 3) Artificial reefs; and 
( 4) Commercial fishing operations. 
The following uses are permitted in the General Subzone: 
(1) All permitted uses as stated in the (P), (R), and (L) subzones; 
and 
(2) Development of water collection, pumping, storage, control, and 
transmission. 
COUNTY GENERAL PLANS AND LAND USE POLICIES 
The Agricultural, Urban and Rural Land Use Districts are 
administered by the individual counties. Counties administer land uses 
through their General Plan and/or Community Plans. 
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The County General Plan sets forth the broad objectives and 
policies for the long-range development of the County. Community 
Plans provide more detailed schemes for implementing the General Plan. 
Hawaii County 
The County of Hawaii General Plan, adopted December 15, 1971, 
sets forth the following goals and policies for Land Use. 
Goals: 
1. Designate and allocate land uses in appropriate proportions and in 
keeping with the social, cultural, and physical environments of 
the County. 
2. Protect and encourage the intensive utilization of the County's 
limited prime agricultural lands. 
3. Protect and preserve forest, water, natural and scientific 
reserves and open areas. 
Policies: 
1. Zone urban-type uses in areas with ease of access to community 
services and employment centers and with adequate public utilities 
and facilities. 
2. Promote and encourage the rehabilitation and utilization of urban 
areas which are serviced by basic community facilities and utili-
ties. 
3. Allocate appropriate requested zoning in accordance with the 
existing or projected needs of neighborhood, community, region 
and County. 
4. Establish a "land zoning bank" from which land use zoning may 
be allocated to specified urban centers and districts. 
5. Conduct a review and re-evaluation of the tax structure to assure 
compatibility with land use goals and policies. 
6. Incorporate innovations such as the "zone of mix" into the Zoning 
Ordinance in order to achieve a housing mix and to permit the 
more efficient development of lands which have topographic and/or 
drainage problems. 
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7. Incorporate the concept of a "floating zone" for future industrial 
and retreat resort areas. This concept would allow flexibility in 
locating future needed developments in districts which cannot be 
pinpointed at this time, especially in the more rural and/ or remote 
areas. 
Land uses are categorized as follows in the plan: 
Urban Centers: 
High Density: Commercial, multiple 
services (general and office commercial; 
43.6 units per acre). 
residential and related 
multiple residential--87 to 
lVIedium Density: Village and neighborhood 
dential and related functions (3-story 
residential--35 to 11.6 units per 
commercial and resi-
commercial; multiple 
acre; single-family 
residential--5. 8 units per acre). 
Low Density: Residential and ancillary community and public uses 
(single-family residential--no more than 4 units per acre). 
Industrial Area: Manufacturing and processing; wholesaling; large 
storage and transportation facilities; power plants; and 
government baseyards. 
Resort Area: Hotels and supporting services. 
Agriculture Area: 
Intensive: 
floriculture. 
Sugar; 
High: Fertile soil. 
Low: Less fertile soil. 
orchard; diversified 
Extensive: Pasturage and range lands. 
agriculture; and 
Orchard: Those agricultural lands which though rocky in 
character and content support productive macadamia nuts, 
papaya, citrus and other similar agricultural products. 
Public Lands: Federal, State, University and County-owned lands. 
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Open: 
Parks and historic sites. 
Conservation Area: Forest and water reserves; natural and 
scientific preserves; open; etc. 
The five potential geothermal resource areas on Hawaii contain the 
following county designated land use categories: 
Kilauea East Rift Zone -
density, medium density, 
expansion, and extensive 
This area is comprised of conservation, low 
resort, open area, orchards, alternate urban 
agriculture zones. 
Kilauea Southwest Rift Zone - This area is comprised of conservation, 
extensive agriculture, mtensive agriculture, low density, medium 
density, open area, and orchard zones. 
Mauna Loa Southwest Rift Zone - This area is comprised of conserva-
tion, orchards, 1ntens1ve agr1culture, and extensive agriculture zones. 
~launa Loa Northeast Rift Zone - This area is comprised of conserva-
tion and extens1ve agnculture zones. 
Hualalai Northwest Rift Zone - This area is comprised of conservation, 
extensive agriculture, and orchard zones. 
Maui County 
The land use objectives and policies of the Maui County General 
Plan December 28, 1977 are as follows for Land Use. 
Objectives: 
1. Uses ot: land meeting the social and economic needs of the people. 
2. Availability of agriculture lands that are well-suited and feasible 
for agricultural products. 
3. A lifestyle pattern based on consistent and harmonious use of 
land. 
Policies: 
1. Discourage the unwarranted conversion of agriculture lands to 
non -agricultural uses. 
2. Minimize the encroachment of urban uses on agriculture lands. 
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3. Provide for compatible alternative uses on non-productive agricul-
ture lands. 
4. Enhance agricultural land use activities by providing public 
incentives and encouraging private initiative. 
5. Develop land use guidelines reflecting the individual character of 
the communities and regions of the County of Maui. 
6. Guide land use development patterns in sympathy with an area's 
natural topographic features, environmental hazard constraints, 
scenic amenities and other natural resource potentials. 
7. Maintain the opportunity to pursue a rural lifestyle. 
8. Encourage land use methods that provide a choice of housing 
types and locations. 
9. Continue programs to identify and preserve unique and significant 
historic sites and natural areas. 
10. Provide a wide-range of compatible land uses based on individual, 
community, regional and county needs. 
11. Ensure the effective protection and prudent use of Maui County's 
coastal areas. 
12. Encourage the "most reasonable and beneficial use" of land by 
discouraging practices that promote "the highest and best use" 
concept of land use. 
13. Establish guidelines and programs to further reduce land specu-
lation., 
14. Guide and integrate the development of public facilities and 
infrastructures with established County land use policies. 
15. Encourage the Hawaiian Homes Commission to establish additional 
homestead lands throughout the County of Maui. 
The land use categories were obtained from various community 
plans covering the two potential resource areas of Maui. These 
community plans are mandated by the Charter of Maui County (1977) 
and the Maui County General Plan which was adopted on June 24, 1980 
as Ordinance No. 1052. 
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Conservation: 
This use is to protect and preserve wilderness areas, open 
spaces, beach reserves, scenic areas, historic sites, open ranges, 
watersheds, and water supplies; to conserve fish and wildlife; and to 
promote forestry and grazing. It is intended that all lands designated 
as Conservation be governed by the requirements and procedures of 
Chapter 205, HRS, as amended, and administered by the State Depart-
ment of Land and Natural Resources. 
Rural: 
This use is to protect and preserve areas consisting of 
farms intermixed with low-density, single-family residential lots. 
small 
It is 
intended that, at minimum, the requirements of Chapter 205, HRS, as 
amended shall govern this area. 
Agriculture: 
This use is to provide areas for agricultural development which 
would be in keeping with the economic base of the County and the 
requirements and procedures of Chapter 205, HRS, as amended. It is 
also expected that the County will impose more stringent requirements 
on these areas to ensure their use for agriculture. 
Reserve: 
This is primarily for areas within the State Urban District which 
have low priority for urban development because of environmental 
concerns, such as natural hazard and resource areas, archaeological 
sites, and other considerations, or the costs entailed with development 
because of the lack of nearby or adequate public facilities and 
services. 
Single-Family Residential: 
This includes single-family detached and duplex dwellings. 
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Multi-Family Residential: 
This includes apartment and condominium buildings that have more 
than two dwellings. 
Business/ Commercial: 
This includes retail stores, offices, entertainment enterprises and 
their accessory uses. 
Light-Industrial Use: 
This is for warehousing and service and craft-type industrial 
operations. 
Heavy- Industrial Use: 
This is for major industrial operations whose effects are 
potentially noxious due to noise, airborne emissions or liquid 
discharges. 
Hotel/ Resort: 
This applies to transient accommodations which do not contain 
kitchens within individual living units but may include a restaurant or 
small shops serving hotel guests. 
Public/Quasi Public: 
This includes schools, libraries, fire/ police stations, government 
office buildings, public utilities, hospitals, churches, cemeteries, and 
community centers. 
Airport: 
This includes all commercial and general aviation airports. 
Park: 
This includes all public active and passive parks. 
The two potential resource areas on Maui contain the following 
land uses: 
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Haleakala Southwest Rift Zone - This area is comprised of conserva-
tion, agriculture and park zones. The park area is located southwest 
of Kihei Road at Cape Kinau. 
Haleakala East Rift Zone - This area is comprised of conservation, 
agriculture, rural, reserve, single-family residential, multi-family 
residential, business/ commercial, light-industrial use, hotel/ resort, 
public/quasi public, and park zones. 
EXISTING LAND USES 
Existing land uses in potential geothermal resource areas are 
characteristic of their respective zoning. Most potential areas are 
zoned conservation and may include forest reserve, national and state 
parks, other forested areas, brush and grass lands, and barren lava 
flows. Often conservation zoned lands provide habitat for native and 
rare or endangered species as well as hunting area, and watershed 
lands. 
Potential resource areas zoned agricultural are used mostly for 
livestock grazing. 
The only urban zoned areas are those located at Pahoa and 
Kapoho in the Kilauea East Rift Zone, Hawaii; and Hana, in the 
Haleakala East Rift Zone, Maui. The only Rural zoned area is located 
at Pahoa, Hawaii. 
Table 7 summarizes existing land uses in each resource area. 
COMPATIBILITY OF GEOTHERMAL RESOURCE 
DEVELOPMENT WITH SURROUNDING LAND USES, AND ZONING 
Act 296 in addressing the designation of geothermal resource 
subzones requires assessement of each geothermal resource area by an 
examination of various factors including the compatibility of geothermal 
development and potential related industries with existing land uses 
and those uses permitted under Section 205-2, Hawaii Revised 
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Table 7. Land Use in Geothermal Areas 
Kilauea Mauna Loa Hualalai Haleakala 
Description NE NE sw E sw NE NE sw 
Rift Rift Rift Rift Rift Rift Rift Rift 
Lower Upper Kau Hana 
URBAN: 
Residential • • 
Commercial • • 
RURAL: 
Residential • 
AGRICULTURE: 
Cropland • • 
Grazing • • • • • • • • 
Residential • • • • 
CONSERVATION: 
Forest Reserve • • • • 
National Park • • 
State Park • 
Other Forests • • • • • • • 
Brush & Grassland • • • • • • • • 
Lava Flows (barren) • • • • • • 
Endangered Mammal • • 
Endangered Bird • • • • 
Wildlife Sanctuary • • 
Hunting Area • • • • 
Watershed • • 
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Statutes, relating to State Land Use Districts, Section 183-41, HRS, 
relating to Conservation Districts and all uses permitted under County 
general plans or land use policies. 
Act 296 allows geothermal resource subzones to be designated 
within any of the four state land use districts--urban, rural, 
agricultural and conservation. As such, once subzones are 
established, geothermal facilities could be located adjacent to any land 
use existing or permitted in any of the four districts. 
Compatibility simply means being capable of living or performing 
in harmonious combination with each other. 
obviously more compatible than others 
characteristics. 
Some land uses are 
depending on their 
As noted in the Flora and Fauna Section of this report, forested 
areas may be categorized by the amount of canopy and quantity of 
native forest present, the assumption being that undisturbed closed 
canopy native forest would be the most susceptible to disruption by 
geothermal development. Thus, geothermal development would be least 
compatible with a Category 1 forest consisting of exceptional native 
forest with a closed canopy and over 90% native cover. Category 2 
forest consists of mature native forest with over 75% native canopy. 
Categ·ory 2A consists of native scrub and low forest and Category 3 
consists of cleared land, non-native forest, or bare ground or lava. 
Category 3 forest is considered more compatible with geothermal 
development than Category 1 forest. However, construction of a 
geothermal power plant in Category 2A native scrub and low forest or 
in Category .3 open, cleared land or barren-lava flows result in visual 
intrusions which might be otherwise hidden in a Category 1 or 2 
forest. 
Conservation districts constitute a large percentage of the poten-
tial resource areas. Each area within the conservation district has 
permitted uses. In each of the subzones mentioned, Protective, 
Limited, Resource and General; the use of the area for "monitoring, 
observing, and measuring natural resources" is permitted. In this 
respect exploration of geothermal resources can be allowed in a 
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conservation district. The development of these resources can then 
eventually lead to widespread public benefit. The use of lands within 
a conservation district in which "governmental use not enumerated 
herein where public benefit outweights any impact on the conservation 
district" is permitted. In managing the uses of conservation lands, 
careful analysis of the proposed use is required. Thus, only when 
the benefits of the proposed use are determined to be greater than 
any impact on the land, will the use be permitted. 
In addressing land use compatibility, several assumptions must be 
made. 
o Ambient air quality will not be effected since it is expected that 
current abatement technology will be fully utilized in compliance 
with proposed State Department of Health air quality standards 
for geothermal development. 
o Proposed County of Hawaii Noise Guidelines of 45 decibels at 
night and 55 decibels by day will be complied with. It is also 
assumed that the County of Maui will adopt similar noise 
guidelines in reference to geothermal activities. 
o Geothermal facility siting will be adjusted to avoid endangered 
plants and significant archaeological or historical sites. 
o Visual impacts will be minimized by adjusting the location of the 
site, the alignment of structures so as to present the smallest 
possible aspect and by blending structures with surroundings by 
painting appropriately and by use of non-reflective, light 
absorbent materials and textures and by shielding facilities from 
view by locating behind a puu, or hill, or by placement in a 
forested area. 
o Impacts will be further minimized by use of buffer zones 
surrounding geothermal facilities. 
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EVALUATION OF IMPACTS ON 
POTENTIAL GEOTHERMAL RESOURCE AREAS 
Evaluation of impacts on potential geothermal resource areas was 
accomplished by reviewing available information for each geothermal 
resource area. Information on meteorology, surface water, ground 
water, underground injection control areas, existing land uses, flora 
and fauna and historic and archaeological sites was developed by 
mapping on a series of overlays for each geothermal resource area. 
The following evaluation is the product of the overlay mapping and 
data review process. 
KILAUEA EAST RIFT ZONE 
Under trade wind conditions, during the day, northeast trade 
winds pass through the entire rift zone. Wind speeds vary from light 
to fast depending on the topography. The southern half of the rift 
zone will have moderate to fast trade winds, while the northern half 
will have light to moderate wind speeds. At night, the moderate 
northeast trades pass through the eastern end of the zone while gentle 
to moderate northerly drainage downslope winds pass through the 
remainder of the rift zone. 
Under non-trade wind conditions, during the day, gentle to 
r:wderate sea breeze-upslope winds from the southeast through 
southwest pass through the rift zone. At night, gentle to moderate 
downslope winds from the higher slopes drain down through the rift 
zone from the north through west. 
Rainfall is heavy over most of the central northeast half of the 
rift zone--over 100 inches a year. Rainfall falls off sharply at the 
western end of the rift zone from 100 inches a year to 35 inches a 
year in a short distance of less than 2 miles. The western end of the 
rift zone has the lowest rainfall. 
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Hawaii Volcano National Park Headquarters at 3,970 feet elevation, 
Pahoa at an elevation of 650 feet, and Pohoiki at an elevation 10 feet 
can be used as representative temperature stations in the rift zone. 
Pahoa and Pohoiki have average annual maximum 
temperatures of 78.2°F and 63.4°F, and 81.2°F 
respectively. The average annual temperature at 
Headquarters is 68.1 °F and 52. 9°F. 
and minimum 
and 67 ,2°F, 
National Park 
There are no known surface streams or natural water storage 
features in the Kilauea East Rift Zone, with the exception of Green 
Lake in Kapoho Crater. 
Ground water occurs as dike water and basal water in the Kilauea 
East Rift Zone. 
Mountain View. 
The only known perched water exists north of 
Basal water underlies all of the Kilauea East Rift Zone except 
where dikes occur. Hydraulic gradients along the northeast coast of 
Puna range between 2 and 4 feet per mile, with water-table elevations 
of 12 to 18 feet above sea level 5 to 6 miles inland. Along the 
southeastern coast, gradients range between 1 and 2 feet per mile, 
with water-table elevations of 3 to 4 feet above sea level a mile and a 
half inland. The main reason for the difference in hydraulic gradients 
between the northeast and southeast coasts is the amount of rainfall 
per unit of surface area and the barrier effect of the east rift zone on 
ground water movement. The effectiveness of the east rift zone as a 
barrier to ground water movement is demonstrated by the difference in 
basal water-table levels. 
The only significant source of saline water that contaminates the 
basal aquifer is sea water, with a chloride content of approximately 
19,000 mg/1. Because of the effects of mixing, most ground water at 
the coast is brackish. Salinity and temperature vary greatly north 
and south of the rift zone. Wells and shafts north of the rift zone are 
characterized by lower temperatures and lower salinities. Wells in and 
near Keaau have water temperatures of 66° to 68°F. The water 
temperature of wells near Pahoa ranges between 72° and 74°F. Wells 
located more than 3 miles inland generally have a chloride 
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concentration of less than 20 mg/1. South of the rift zone, high 
well-water temperatures and salinities are encountered. The water 
temperature of the Malama-Ki well, No. 2783-01, in 1962 was 127-130°F 
with salinity between 5500 and 7000 mg/1 at pumping rates of 100 to 
480 gpm. The water temperature of thermal test well No. 3 in 1974 
was 199°F, with salinity of 2000 mg/l. The average chloride content of 
ground water south of the rift zone is probably greater than 3000 
mg/l, probably due in part to heating of sea water by volcanic activity 
below the basal lens. The warmer, less dense sea water rises, 
contaminating the fresh water in the basal aquifer. 
LOWER KILAUEA EAST RIFT ZONE 
Property in the lower portion of the Kilauea East Rift Zone is 
owned by six large area landowners and numerous small area 
landowners. Large area landowners include the State of Hawaii, 
Bishop Estate, Campbell Estate, Puna Sugar Company, Kapoho Land 
Development Corporation, and Tokyu Land Development Corporation. 
Property within the Lower East Rift Zone is zoned Agricultural, 
Conservation, Urban and Rural. It should be noted that existing land 
uses in Agricultural zoned areas include both cultivated and 
uncultivated land, and agricultural subdivisions. Agricultural 
subdivisions are designated by the County of Hawaii as A-la, meaning 
an agricultural subdivision of one acre lots. Five one-acre 
subdivisions are located within the rift zone boundaries, and include 
Leilani Estates, and Nanawale Subdivision. Conservation zoned areas 
include Forest Reserve lands, the Wao Kele 0 Puna Natural Area 
Reserve and the Kapoho Lava flow of 1960. Urban areas within the 
rift zone boundaries include Pahoa, Kaniahiku Village and a small 
portion of the Kapoho Beach Lots. 
Lava flows in the Lower East Rift Zone include flows dated 1750, 
1790, 1840, 1845, 1955, 1960, 1961, and 1983. 
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Forested areas in the Lower East Rift Zone consist primarily of 
Category 2 and 2A forest, mature native forest with over 75% native 
cover and native scrub and low forest. Isolated areas of Category 1 
exceptional native forest with over 90% mature cover and closed 
canopies do exist in the Keauohana Forest Reserve, consisting of 
ohi'a-lama forest, in the vacinity of Puu Kaliu and at higher elevations 
in the Wao Kele 0 Puna National Area Reserve. Category 3, bare 
lava, cleared land is more evident in coastal area, especially in the 
Kapoho area, at Cape Kamukahi. 
There is no endangered species essential habitat in the Puna 
area, since large portions of the area are either cleared agricultural 
land or bare lava. 
Five historic sites are located in the Lower East Rift Zone: 
Site No. 7388 - Pahoa District, town. 
Site No. 4295 - Pualaa Complex, including an ancient holua slide. 
Site No. 2501 Kapoho Petroglyphs, considered unique, 
and placed on the State Register 
of Historic Sites. 
Site No. 7492 - Lyman llistoric l\larker 
Site No. 2500 - Kukii Heiau, reamins of heiau built by Umi on his 
tour of Hawaii after coming to power. 
Development of geothermal resources in the Lower East Rift-Zone 
has been underway since 1973-74 with the issuing of geothermal 
resource mining leases for four areas, designated GRML R-1, R-2, 
R-3, and R-4. Development of additional sites in the Lower East Rift 
zone will not impact any endangered species essential habitat, but may 
impact existing communities in terms of noise and aesthetics. The 
provision of a buffer zone will help to mitigate such impacts. Air 
Quality will not be impacted, since it is expected that given current 
level of abatement technology, geothermal facilities will comply with 
State Air Quality standards for geothermal development. 
UPPER KILAUEA EAST RIFT ZONE 
Property in the Upper East Rift Zone is owned by four large area 
landowners, the United States of America (Hawaii Volcanoes National 
-54-
• 
Park), the State of Hawaii, Bishop Estate, and Campbell Estate. 
Smaller holdings owned by various individuals are found in the Royal 
Gardens Subdivision along the coast and in urban and agricultural 
zoned areas in the Kilauea-Olaa area at the mauka boundary of the rift 
zone. 
The Upper East Rift Zone is primarily zoned Conservation, 
Protective, Resource and Limited Subzones. Exceptions are the 
Ainahou Ranch land, Royal Gardens Subdivision, zoned for agricultural 
use, and the urban and agricultural zoned areas in the Kilauea-Olaa 
area. 
Existing land uses include the Hawaii Volcanoes National Park (the 
largest area), forested areas in Kahauale'a, a grazed area in the 
vicinity of Ainahou Ranch, a portion of the Wao Kele 0 Puna Natural 
Area Reserve, and the Volcano and Royal Gardens Subdivisions. Also 
included are portions of the Kilauea Forest Reserve, Kilauea Military 
Camp, and Kilauea Golf Course. 
Included on the list of existing land uses is the Campbell 
Estate/True Mid-Pacific Geothermal Development area as approved for 
exploration by the Board of Land and Natural Resources in 1983. 
Forested areas in the upper portion of the East Rift Zone consist 
primarily of Category 1, exceptional native forest with over 90% native 
cover and closed canopy, and Category 2 mature native forest with 
over 75% native cover interspersed with bare lava flows, dated 
1968-1973, 1977 and 1983-84. 
Essential endangered species habitat for 'o'u encompasses a major 
portion of the Kahauale'a area, and extends into the Hawaii Volcanoes 
National Park land to the south. The Dark-rumped Petrel is known to 
nest in Napau Crater and I'o have established territory at Makapuhi 
Crater and at lower elevations in the vacinity of the Royal Gardens 
Subdivision. 
There are no known archaeological sites within the Upper East 
Rift zone. 
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Development of geothermal resources in the Kilauea Upper East 
Rift zone will be limited to areas outside the Hawaii Volcanoes National 
Park. Air quality within surrounding areas will not be impacted since 
it is expected that, given the current level of abatement technology, 
geothermal facilities will comply with State Air Quality standards for 
geothermal development. 
Site development may impact endangered o'u habitat; however, as 
stated in the Kahau'alea Environment Impact Statement (June 1982), 
"the minimal removal of vegetation and trees within the Kahau'alea 
project area should not significantly threaten the O'u." (pg. 5-11). 
It should also be noted that a portion of the O'u habitat has been 
lost due to recent lava flows. 
KILAUEA SOUTHWEST RIFT ZONE 
Under trade wind conditions, during the day, moderate to 
moderately strong northeast trade winds are expected to sweep 
through the rift zone. At night moderate drainage winds from the 
upper slopes of Mauna Loa should sweep through the rift zone from 
the north. 
Under non-trade wind condition, during the day, light to 
moderate southerly sea breeze-upslope winds are expected to pass 
through the rift zone. At night, the light to moderate drainage winds 
from the north are expected to pass through the rift zone. 
There is great variation in the amount of rainfall over this rift 
zone--from about 100 inches a year at the northern end of the rift 
zone near Hawaii Volcano National Park Headquarters to about 20 
inches a year at the southern end of the rift zone near Hilina Pali in 
the Kau Dessert. The greatest variation in rainfall is at the upper 
end of the zone where in the short distance of about a mile from the 
National Park Headquarters to Halemaumau, the rainfall drops from 100 
inches a year to 50 inches a year. There are no rainfall stations in 
the Kau Dessert. 
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Hawaii Volcano National Park Headquarters, at 3,970 feet 
elevation, with an average maximum and minimum temperature of 68 .1 °F 
and 52. °F, respectively, is the only temperature station in the rift 
zone. 
There are few streams in the Kilauea Southwest Rift Zone because 
the water quickly percolates into the young and highly permeable lava 
flows. A few well-defined stream channels are found between Waiahaka 
Gulch, near Kapapala Ranch, and Hilea Gulch. No stream has 
continous flow into the sea, and flood flows reach the sea infrequently 
and only for short periods. 
Ground water in the coastal areas of the rift zone is brackish; at 
higher elevations dike confined water is present. The Underground 
Injection Control line is set at an elevation of 200 feet in most of the 
coastal area but drops to an elevation of 100 feet within the rift zone 
near Waiapele Bay. Lava flows within the rift zone are dated 1823, 
1868, 1920, 1971 and 1974. 
Property within the Kilauea Southwest Rift Zone is owned by the 
State of Hawaii, United States of Amercia (Hawaii Volcano National 
Park), Bishop Estate, Ka'u Sugar, International Air Service, 
Seamountain Hawaii, c. Brewer, and a number of small parcel 
landowners. 
Rift zone areas are zoned either Conservation, Resource and 
Limited Sub zones, or Agricultural. All rift zone areas, except for 
National Park lands, are presently used for grazing. 
The nearest urban or residential areas are Pahala, north of the 
rift zone, and Punaluu, west of the rift zone. Both communities 
essentially 
This 
included 
border the rift zone area. 
area is poorly characterized 
in USFWS vegetation mapping. 
biologically. 
The area 
It was not 
is generally 
disturbed, with some pockets of native scrub along the coast and near 
the boundary of the national park, and is of little biological 
significance since it contains no endangered species habitat. 
There are no known archaeological sites within this subzone. 
-57-
Development of geothermal resources in portions of this rift zone, 
outside the National Park, would probably result in minimal 
environmental impact. 
Development proximity to the Pahala and Punaluu communities may 
result in aesthestic impact. Air Quality will not be impacted since it is 
expected, given the current technology level that all air quality 
impacts will be abated so as to comply with State Air Quality standards 
for geothermal development. 
MAUNA LOA NORTHEAST RIFT ZONE (KULANI) 
Tradewinds during the day diverge around Mauna Loa and pass 
through the rift zone from the east to southeast. At night, reverse 
flow results from drainage of mountain breeze-downslope winds. Under 
non-trade conditions, light to moderate sea breeze-upslope winds flow 
through the rift zone from southeast to east. At night, mountain 
breeze downslope winds flow from the west. 
Rainfall is heavy--150 inches a year at the 3 ,500-foot elevation to 
60 inches a year at the 7000 foot elevation. Kulani Camp receives 102 
inches a year (elevation 5,170 feet). Temperature at Kulani Camp 
ranges from an average annual maximum of 63 .5°F up an average 
annual minimum of 46.5°F. 
There are no known surface streams in this subzone area. Dikes 
occur above the 5400-foot elevation. 
elevation from 3600 feet to 7000 feet. 
The subzone area ranges in 
Property within the proposed subzone is owned by Bishop Estate 
and the State of Hawaii, and is zoned Agricultural and Conservation. 
The nearest residential area is Kaumana on the north, approximately 6 
miles from the subzone boundary. Volcano House in the National Park 
is approximately 8 miles from the southern subzone boundary. 
Existing land uses within the proposed subzone boundary include 
the Agricultural zoned grazing land belonging to Bishop Estate and the 
State's Kulani Honor Camp, located in the Conservation District, 
Resource Subzone. The remaining lands within the subzone are 
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forested and includes portions of the Mauna Loa, Kilauea, and Upper 
Waiakea Forest Reserves and two game management areas on the 
northwest and southwest corners of the subzone. Puu Makaala Natural 
Area Reserve is included in the southeast corner of the subzone. 
Forested areas consist of Category 1, exceptional native forest; 
closed canopy with over 90% native cover. The remaining forest areas, 
consist of Category 2, mature native forest with over 75% native 
canopy. Forested areas in the upper and northern portion of the 
proposed subzone are dissected by recent lava flows dated 1852, 1942, 
and 1984. 
Category 1 forests include tall Metrosideros polymorpha (Ohia 
lehua), and Acacia koa (koa) with native shrubs and tree ferns 
(Cibotium spp. hapuu). Category 2 includes moderate to tall Ohia 
lehua and koa, with native shrubs and ferns. Category 2A includes 
scattered Ohia lehua and l\lamane, in some areas. 
Mauna Loa forests within the subzone area provide habitat for 
four endangered forest bird species; the Hawaii Creeper, Akepa, 
Akiapola'au and the 'O'u, and the Nene. The Mauna Loa East Rift 
forests have been designated as essential habitat for the four 
endangered forest birds. In addition, 'Io, the Hawaiian Hawk, is 
known to nest at two sites, one on the lower slopes of Kulani Cone 
and a second site directly due West at an elevation of 5500 feet. 
It should be noted that the designated essential habitat area 
includes the grazed agricultural zoned areas belonging to Bishop Estate 
since these areas contain both Category 1 and 2 forests as well as 
open areas·~ There are no known archaeological sites within the 
subzone area. 
Development of a geothermal resource in areas other than the 
cleared grazed agricultural land may impact the four endangered forest 
bird species and the Nene by disturbing essential habitat areas. 
MAUNA LOA SOUTHWEST RIFT ZONE (KAHUKU RANCH) 
There are no wind data in this rift zone. Under trade wind 
condition, during the day, the lower half of the rift zone is expected 
to have light to moderate easterly trades passing through the rift 
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zone. The northern upper half of the rift zone will likely have light 
to moderate upslope winds from the south. During the night, light to 
moderate northerly mountain breeze-downslope winds are expected to 
11ow through the rift zone. 
Under non-trade wind conditions, during the day, light to 
moderate southerly upslope winds are expected to pass through the 
rift zone. During the night, gentle to moderate drainage winds from 
the higher slopes are expected to pass through the rift zone from the 
north. Precipitation ranges from 40 to 50 inches decreasing at the 
upper elevations to 40 inches. 
No surface streams are found within the subzone area. Dikes are 
found in the upper elevations of the subzone area; basal ground water 
is fresh, and the UIC line lies to the south outside the subzone area. 
There are no existing wells within the subzone area. 
The subzone area is almost wholly owned by the S.M. Damon 
Estate, except for a small portion on the eastern subzone boundary 
which is state-owned. 
Existing land uses within the potential subzone area include 
grazing land, a portion of the sparsely settled Hawaiian Ocean View 
Estates, and forest lands. The subzone boundary extends makai of 
Highway 11, to the Kahuku Ranch area. The nearest population 
centers are to the east, Waiohinu and Naalehu towns, and 
Kiolakaa-Keaa Homestead area. The subzone area is zoned agricultural 
and conservation. 
Forested areas consisting mostly of mature native forest, with 
over 75% native cover, are interspersed with areas of bare lava from 
11ows dated 1886, 1887, 1907, 1916, and 1926. 
Above the 5000-foot elevation, forested and bare lava areas 
provide habitat for the Nene and two species of endangered forest 
birds, Hawaiian Creeper and Akiapolaau. On the eastern boundary 
between the 3000-foot and 3600-foot elevations, three species of 
endangered forest birds (Akepa, Akiapolaau and Hawaiian Creeper) 
occupy an area designated as exceptional native forest, with a closed 
canopy and over 90% native forest cover. The subzone area lies to the 
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east of the Manuka Natural Area Reserve; no portion of the reserve is 
included in the proposed subzone. 
Historic sites are found only at the subzone perimeter at Kahuku 
Ranch. No significant archaeological or historic sites were recorded 
within the subzone boundaries. 
Development of geothermal resources in the lower, agricul-
tural-zoned portion of the proposed subzone may result in minimal 
environmental impact provided a buffer area is maintained between the 
geothermal development site and the Hawaiian Ocean View Estates. 
HUALALAI NORTHWEST RIFT ZONE 
Although no wind instrumentation exists on Hualalai, knowledge of 
other upland areas indicated that light to moderate upslope sea breezes 
converge on Hualalai during the day; at night, the reverse gentle to 
moderate downslope mountain breezes diverge in all directions from the 
Hualalai Summit. Rainfall varies from light to moderate, from 30 to 40 
inches a year. 
There are no known surface streams in this area; however south 
of the subzone area, man-made catchments and collecting ponds are 
used to provide water for ranch purposes. Dikes occur in this 
subzone and elevations range from 3400 feet to 7200 feet. 
Property within the subzone is wholly owned by Bishop Estate 
and zoned Conservation except for a triangular section on the south-
east slope, and two small segments along the northwest perimeter that 
are zoned agricultural. The nearest residential areas occur along the 
Mamalahoa Highway to the west; Kailua-Kana is located seven miles 
southwest of the subzone. Except for the triangular shaped agricul-
tural land, which is grazed, all other land within the sub zone is 
forested. Approximately one-half of the forested area lies within the 
Kaupulehu Forest Reserve. 
Forested areas consist of mature native forest, with over 75% 
native canopy. Exceptional native forest with over 90% native canopy 
is found along the subzone boundary between elevations of 4000 to 
6500 feet. Species composition consists primarily of Metrosideros 
polymorpha (ohia lehua), Acacia koa (koa), and Sophora chrysophylla 
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(mamane). The subzone is crossed by a single lava flow, the 
Kaupulehu Flow. 
Hualalai slopes within the subzone area provide habitat for four 
endangered species. The species composition varies with elevation. 
Between 3200 feet and 6000 feet Alala, Hawaiian Creeper and Akepa are 
found; between 6000 and 7000 feet Hawaiian creeper, Akepa and Nene 
are found; and above the 7000-foot elevation, only Nene. 
No archaeological or historical sites have been recorded within the 
subzone area. 
Development of geothermal resource in areas other than the 
grazed agricultural zoned portion of the subzone may impact the 
endangered species known to exist within the proposed subzone area. 
Alala, the Hawaiian Crow, is reported to number fewer than 20 
individuals. Disturbance of their Hualalai habitat may cause further 
decline of this species and, possibly, its extinction. 
HALEAKALA SOUTHWEST RIFT ZONE 
Wind data for coastal sites indicate that under tradewind 
conditions, during the day light to moderate sea breeze-upslope winds 
from the southeast and the west flow from the coast to upper 
elevations. At night the reverse, mountain breeze-downslope winds 
occur. Similar sea breeze, mountain breeze winds, occur during 
non-tradewind conditions. 
Rainfall in the rift zone ranges from 16 inches a year in coastal 
areas to 54 inches a year near Polipoli Spring. 
Average annual maximum and minimum temperatures at the coast 
in the rift zone are expected to be about 84°F and 64°F, respectively; 
at 3000 feet 72°F and 55°F could be expected, and at 7000 feet a 
maximum of 63°F and a minimum of 44°F. 
There are no know surface streams in this geothermal resource 
area. Several springs along the mauka northern fringes of the area 
provided water for minor uses, including camp water for the Polipoli 
Mountain Park. 
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Ground water in the rift zone is brackish below 1600 feet level 
and fresh basal water above. However, the rift zone also contains 
dike-confined ground water. 
Property within the rift zone is owned by the State of Hawaii, 
Ulupalakua Ranch and other individual holders of smaller parcels. The 
coastal portions of the rift zone and mountain areas above 5000 feet 
are zoned Conservation, Protective, and General Sub zones, and 
Resource Subzone, respectively. All mid-level areas not zoned 
Conservation are zoned for agricultural use. 
The Ahihi-Kinau Natural Area Reserve from Kanahena to 
Keoneoio, including near-shore submerged lands, is located in the 
coastal portion of the rift zone. This Natural Area Reserve contains 
anchialine pools, marine ecosystems and the last lava flow (dated 1790) 
on the Island of Maui. Upslope, Ulupalakua Ranch land is used for 
grazing. The upper most portion of the rift zone above 5000 feet is 
designated as the Kula and the Kahikinui Forest Reserves. Polipoli 
State Park is located along the northern rift zone boundary. The 
nearest urban or residential areas are Makena, one mile north of the 
rift zone boundary; Ulupalakua Ranch, immediately northwest of the 
rift-zone along the Kula/Piilani Highway; and Keokea, approximately 2 
miles northwest of the upper portion of the rift zone. "Science City" 
and the perimeter of the Haleakala National Park are located five miles 
upslope of the upper boundary of the rift zone. 
Vegetation in the Haleakala Southwest Rift Zone consists of native 
scrub vegetation and some exotic tree plantings as well as substantial 
areas of pastureland with occasional forested areas. The lower 
portions of the rift zone are barren lava with isolated pockets of 
Category 1, exceptional native forest with closed canopy of over 90% 
native cover. 
There is no endangered species habitat in this rift zone, although 
the middle elevations contain some very valuable, although disturbed, 
dry native forest. 
There are five known archaeological sites in or on the perimeter 
of the rift zone: 
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1. Poo Kanaka Stone (site #1021) located near the Kula Highway 
and has been placed on the State Register of Historic Sites; 
2. Puu Naio Cave (site #1009) located on the southwest rift zone 
boundary at an elevation of 1100 feet; also on the State 
Register; 
3. Kalua 0 Lapa Burial Cave (site #1017) located at the eastern 
boundary of the Ahihi-Kianu Natural Area Reserve; 
4. 1\'laonakala Village Complex (site #1018) a coastal village site, 
also within the Natural Area Reserve; 
5. La Perouse Archaeological District located at the southern 
boundary of the rift zone and on the State Register. 
Development of geothermal resources within the grazed 
agricultural zoned portions of the rift zone will result in minimal 
environmental impact since no endangered species habitat is present. 
lVlakena residential and resort developments, Ulupalakua Ranch 
and upslope, the Haleakala "Science City" may be affected 
aesthetically. Air quality in urbanized areas will not be impacted since 
it is expected, given the current level of technology, that all air 
quality impacts will be abated so as to comply with State Air Quality 
standards for geothermal resource development. 
HALEAKALA EAST RIFT ZONE 
In coastal areas, during tradewind 
tradewinds prevail during the entire day and 
moderate during the day and light at night. 
conditions, northeast 
night. Wind speeds are 
During a non-tradewind 
conditions, the winds are almost calm during the night and light 
during the day. The direction of the wind is from the south during 
the night and from the west during the day, which is opposite of what 
would be expected under the sea breeze-upslope winds during the day 
and mountain breeze-downslope winds during the night. 
In upper areas, northeast trade winds continue across the rift 
zone during the day and the night, however mountain breeze 
downslope winds meet the trades somewhere mid-level in the subzone. 
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Under a non-tradewind condition, gentle to moderate daytime sea 
breezes flow upslope and night time mountain breezes move downslope. 
The average annual rainfall in the upper half of the rift zone is 
200 inches with a possible maximum of over 300 inches on the northern 
side of the zone. Rainfall decreases toward the east to 65 inches a 
year at the coast. 
At Hana Ranch the average annual maximum temperature is 80°F, 
and the average anuual minimum is 67 .4°F, 
Extrapolated average annual maximum and minimum temperatures 
at upper elevations are 72.4°F/56.8°F at 2500 feet; and 58.9°F/45.4°F 
at 7000 feet. 
Streams in the Haleakala East Rift Zone are ephermal in spite of 
the high rainfall. The rocks are highly permeable, allowing all but 
the heaviest rains to sink rapidly into the ground. Rising from sea 
level at Hana Bay to the 7000-foot level near the eastern rim of 
Haleakala Crater, the area's rugged topography contains the 
headwaters of the several tributarieo of Kawaipapa Gulch along the 
resource area's northern boundary and Moomoonui Gulch along the 
southern boundary. The makai area contains the intermittent 
Holoinawawae Stream that empties into Hana Bay. 
Dikes occur throughout the middle and lower portions of the rift 
zone. The Underground Injection Control ( UIC) line is set at an 
elevation of 200 feet. 
Property within the rift zone is owned by the Hana Ranch, (lower 
elevations), the State of Hawaii (mid and upper elevations) and the 
United States of America (upper-most elevations). Smaller parcels in 
coastal areas belong to other landowners. 
Lower elevation Hana Ranch land is zoned for agricultural use and 
is grazed. State land above the Hana Forest Reserve Boundary is 
zoned Conservation, Protective and Resource Sub zones and is also 
designated as a Public Hunting area where wild pig and goat can be 
hunted year-round. 
Hana Town and its rural community are located within the 
proposed subzone area along the coast. 
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Forested areas above 3000 feet uniformly consist of Category 1 
exceptional native forest, closed canopy with over 90% native cover. 
Below the 3000-foot level the forest is more disturbed and gradually 
blends into Category 2, mature native forest with over 75% native 
canopy. Below the 1000-foot level the forest gives way to pastureland 
with occasional forested areas. 
Forested areas above the 5000-foot level provide habitat for three 
endangered forest birds, the Maui Parrot bill, the Crested 
Honeycreeper, and the Akepa. Akepa habitat extends to lower 
elevations to the 4200-foot level. 
All known archaeological sites are at or below the 200- foot level. 
Site No. 1078, at 200 feet is a fishing shrine which is on the State 
Register of Historic Places. Six other sites are located at lower 
elevations in coastal areas in rural and urban zoned areas. 
Development of a geothermal resource in the Haleakala East Rift 
Zone in areas other than the grazed agricultural lands below the 1000-
foot level may impact native forest bird habitat and above 4200 feet, 
endangered forest bird habitat. However, development of a geothermal 
resource below the 1000-foot level in grazed agricultural land could 
place a well and power plant as close as 7000 feet from the center of 
Hana Town. Quite clearly, the rural lifestyle of the Hana Community 
could be affected. 
-66-
REFERENCES 
METEOROLOGY 
Rainfall: 
National Oceanic and Atmospheric Administration, Climate of Hana, HI, 
Climatography of the U. S. No. 20. April 1978. 
State of Hawaii, Department of Land and Natural Resources, Division 
of Water and Land Development, State of Hawaii, Median Rainfall, 
State of Hawaii, Circular C88, June 1982. 
Temperature: 
State of Hawaii, Department of Land and Natural 
of Water and Land Development, State 
Maximum and Minimum Temperatures. 
Resources, Division 
of Hawaii, Average 
Wind: 
Harland Bartholomew and Associates Climatological Data For 
Maui, prepared for The Matson Navigation Co., 
December 1960. 
Wailea, 
S. F., CA 
True/Mid-Pacific Geothermal Venture in coordination with Campbell 
Estate, Revised Environmental Impact Statement for the Kahauale'a 
Geothermal Project, 1982. 
Ekern, Paul C. and Alfred J. Garrett. Project Ahupua'a, Solar 
lVleteorolo ·cal Field Measurements on the Island of Hawaii. 
Summer, 1978 2. Eastern Flank o Mauna Loa. UHMet 79-04 
Dept. of Metoeorlogy, University of Hawaii, August 1979. 
Ekern, Paul and R. Becker. Project Ahupua'a, Solar Meteorological 
Field Measurements on the Island of Hawaii, Summer 1978-5. 
Southern Flank of Mauna Loa, Dept. of Meterology, University of 
Hawaii, 1979. 
Leopold, Luna B., The Interaction of Trade Wind and Sea Breeze, 
Hawaii, J. of Meteorology, Vol. 6, No. 5, October 1949. 
Steven W. Lyons. Summer Weather on Haleakala, Maui, UHMet 79-09, 
Dept. of Meteorology, University of Haw an, Apnl 1979. 
Mendonca, Bernard G., Local Wind Circulation on the Slopes of Mauna 
Loa, J. of Applied Meteorology, August 1969. 
Mendonca, Bernard and Wayne Iwaoka, The Trade Wind Inversion at 
the Slopes of Mauna Loa, Hawaii, J. of Applied Meteorology, April 
1969. 
-67-
Peterson, Carl M., The Trade Wind Regime of Central and Western 
Maui, Tech. Memorandum No. 1, Weather Bureau, January 1966. 
Schroeder, Thomas A. , Project Ahupua' a, Solar Meteorolgical Field 
~leasurements on the Island of Hawaii. Summer 1978 3. Trade 
Wind Interactions with Local winds in South Kohala. UHMet 
79 05, Dept. of Meteorology, University of Hawaii, February 1980. 
Schroeder, Thomas A., Thomas G. Tarlton, and P. Anders Daniels, 
~laui County Wind Power Survey, Part 2: Molokai ~.lobile Sampling 
Pro ram 21 June to 31 July 1977, Part 3: Maui Fixed Station Data 
September 1976 to July 1977, UHMet 77 0 , Dept. o r·.letoeology, 
University of Hawaii, October 1977. 
FLORA AND FAUNA 
Berger, A. J. , Hawaiian Bird Life, University Press of Hawaii, 
Honolulu, 1972, 
Carlquist, S., Hawaii: A Natural History, Natural History Press, 
Garden City, New York, 1970. 
Carson, ILL. , personal communication 5 I 31184. 
Corn, C., personal communication 4127184. 
Christensen, C. , personal communication 5 I 30 I 84. 
Griffin, C. , personal communication 5 I 1184. 
Jacobi, J., ~1apping and Natural Vegetation of the Hawaiian Islands, 
XV Pac1fic SCience Congress, Dunedin, New Zealand, 1983. 
___ , personal communication 5128184. 
Kepler, C. and M. Scott Distribution and Behavior 
Hoary ~Bat, unpublished manuscript, U.S. 
Service, 1984. 
of the Hawaiian 
Fish and Wildlife 
Lassetter, J. Stuart and Charles R. Gunn, Vicia ~lenziesii Sprengel 
(Fabaceae) Rediscovered, Its Taxonomic Relationships, Pacific 
Science (1979), Vol. 33, No. 1, Honolulu. 
~ledeiros, A. , personal communication 1984. 
Scott, M., unpublished monograph, 1984. 
-68-
State of Hawaii, Department of Land and Natural Resources, Division 
of Forestry, A Botanical Reconnaissance of Malama-Ki Forest 
Reserve, Honolulu, 9 1. 
___ , A Vegetation Survey of the Halepuaa Forest Reserve, Honolulu, 
1979. 
___ , Statewide Non-game and Endangered Species Program, Job 
Report, 1984. 
Environmental Protection Agency (EPA), Pollution Control Guidance for 
Geothermal Enerj:y Development; National Technical Information 
Service, Springfield, Virginia, 1978. 
United States, Department of the Interior, Fish and Wildlife Service, 
Alala Recovery Plan, Denver, 
1982. 
___ , Hawaiian Dark Rumped Petrel and Newell's Manx Shearwater 
Recovery Plan, Denver, 1983. 
, Hawaii Forest Birds Recovery Plan, Denver, 1983. 
, Nene Recovery Plan, Denver, 1983. 
AIR QUALITY 
Dames and Moore, Report Evaluation of BACT and Air Quality Impact 
of 7' 
- \ Potential Geothermal Development in Hawaii, Honolulu, 1984. 
Houck, James E., Environmental Baseline Survey Kilauea East Rift 
Zone, Volume 1, Final Report (Study Period December 1982 
through December 1983). 
, Progress Report, January 1, 1984 through May 31, 1984, 
---Environmental Baseline Survey, Year Two, Kilauea East Rift, 
Puna and Ka1u Districts, May 31, 1984, 
State of Hawaii, Department of Health, Environmental Protection and 
Health Services Division, Proposed Revisions to Administrative 
Rules, Chapter 11-60, Air Pollution Control, covering Geothermal 
Activities, Draft dated 3/22/84. 
NOISE 
Dames and Moore, Report Evaluation of BACT and Air Quality Impact 
of Potential Geothermal Development in Hawaii, Honolulu, 1984. 
-69-
State of Hawaii, Department of Planning and Economic Development, 
Geothermal Energy of Hawaii, Volume II, Honolulu, 1981. 
, Geothermal Power Development in Hawaii, Volume 1, Honolulu, 
--1982. 
True/Mid-Pacific Geothermal Venture in Coordination with Campbell 
Estate, Revised Environmental Impact Statement for the Kahaualea 
Geothermal Project, June, 1982. 
STATE LAND USE DISTRICTS: COUNTY GENERAL PLANS, 
AND EXISTING LAND USES 
Hawaii, County of, The General Plan, County of Hawaii, Hila, January 
1971. 
Maui, County of, Maui County General Plan, December 28, 1977. 
State of Hawaii, Department of Land and Natural Resources, 
Administrative Rules, Title 13, Chapter 2, and Subzone Maps. 
, Board of Finding of Fact, Conclusions 
--Law and Decision and Order, in the Matter of the Conservation 
District Use Application of the Estate of James Campbell, 
CDUA No. HA 3/2/82 1463, Honolulu, February 25, 1983. 
State of Hawaii, Land Use Commission, District Boundary Maps. 
-70-
of 
-• .. 
... 
,,,OOOr--,~~--~-------,------,-------r------,---, 
13
,0CO !1. \ L- LAPSE RATE: j. PER 100b FEET 
Yl t r 1 :~~::::~~:~~~::::\:.: \::::::~::: .... :":":.:
1
1 L:oo::O:b: ..:::
1
1,..:.: ..:.;:; :.:, ;,
1
:c:' :3l.L,3. 
I I ! IO,COOt--..;.1 -----~-..:T-\--l-- ><oloo(o!o Sum'"j'' lllou;, IO,Coo; 38/'4• 
9,000 1--+--1 ------:..-1 -~\-+--+1 ---+.~----t--1 
1 Kuloni Mouko, Howo1i, ,8.300', 39/~8· 
S,OOO I i I I\ I Ro•9•j Slo., ><o-o•·,·, 1'030', 44163 • 
?,oooi--J\ '--+1-~1 +-\--+--1 "····r· .. ·1 I -
6
,000 i-~-+~---+ 1!---~:.---\--\ +I--Ku-lo-n+~-C-om-o-.-,-.t~~.,---i;, l.7o; 47154• 
,,COO I \. 
I I I i\ 
4
,000 ~-~---~~----t~· -===~=~=:f><~o~w~o~u:Vo:l:<o~n~o::N~o,'J PcrJc, ~woti, 391'1: !!J/158 • 
i 1 Konotohulunuiu, Kouo1, Jooo; ~1169• 
1 I i \ I I ,I J,Oooi--.:.1 ----~----'------..;,-.-:~~....;.- Kula Sonoro,urn, Mou1, 3004: ~!!172• 
i 1 1 I ---~--..:\~,-:;-- r<omuj'o, Hlowo,;, 2670; '4174• 
~-li ____ !._i __ __.; ___ _,,.,.,.,~[1""'-Mo•o•oo, ,\ofo'"· .2100: !!9172• 2.ooo;i=jl==~~~~~~i~1;. ~~~~;~~i ,.~~~L~o~ni10:1 ;c;:!1.'1 • Lanai, 1szo: 62/7!5• Mountoon V1••• Howo,, 1.!530, ~0176• _ 1 f ! 1 ,I Poo••o. \fou•, '280: 62/74• 1,000 Wcl'uo,wo, Oonu, 826', 63179• i 1 Ka•/uo, .wo~.~ •• i"oc: 5417"~· 
; Molo"o• .J.,rport, .Woto~~;o,, ,.,o; 67'..-et• 
1<1/au•a. l'(ouo•, .!zo: 6617'9• .,.. 0 ,~,~ • ..,, Mo1.u,180~ satsz• c~~--------------
'0• \ •o• eo• a!!• 
Figure 1. Decrease in Temperature at Various Elevations, Various Locations 
in the State of Hawaii. 
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Figure 2a. Mean Pressure (millibars) and Wind Flow in the Eastern and 
Central North Pacific for July (summer). 
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Figure 2b. Mean Pressure (millibars) and Wind Flow in the Eastern and 
Central North Pacific for January (winter). 
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Figure 8. Approximate Loaction of Passive H2S, Radon, and SFU Monitoring Stations (H2Sl-H2Sl3 and RSA-RSD). (SFU-stacked filter unit) 
Source: Houck; 1984 
Figure 9. HGP-A Noise Characteristics 
(Source: Yen and Iacofano, Geothermal Energy for Hawaii, 
A Prospectus, 1981). 
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APPENDIX A 
Criteria for Vegetation Categorization from 
USFWS Mapping Code 
and 
Dominant Species Composition in 
Selected Rift Zones 
A-1 
Typical 
~lapping 
Code: 
1 2 3 4 5 6 
\ I I I I I 
o3Me,2nt(W:t1',081sng 
1. TREE CANOPY CROWN COVER 
c = closed canopy, most crowns interlocking 
o = open canopy, some or no interlocking crowns 
s = scattered trees 
vs • very scattered trees 
2. TREE CANOPY HEIGHT 
)607. cover 
25-60% cover 
5-25% cover 
(5% cover 
1 = low scrub trees, monopodial 
2 - scrub trees, moderate stature 
3 • tall stature trees 
2-5m tall 
5-lOm tall 
)10m tall 
3. TREE SPECIES COMPOSITION . 
a) Species name or association abbreviations 
Ac = Acacia koa (koa) 
Al ~ Aleurites moluccana (kukui) 
Ep • Euphorbia sp. ("akoko) 
Me • Metrosideros ~olymorpha 
Mr • Myrica faya ( iretree) 
My • Myoporum sandwicensis (naio) 
nt • native tree association 
Psc • Psidium cattleianum (strawberry guava, waiawi) 
Sa • Sapindus saponaria (Manele; so~pberry) 
So • Sophora chrysophylla (mamane) 
xt • introduced tree association 
b) Species dominance 
Species composition:* 
.J> 
A-B 
A,B 
.A,B-G 
A-B,C 
A-B-c 
Relative Dominance: 
only A present 
A and B codominant 
A dominant, B subdominant 
A dominant, B and C subdominant 
A and B codominant, C subdominant 
A,B,C codominant 
*Substitute the appropriate species name or association 
abbreviation for the letters A, B, or c. 
4. SPECIES ASSOCIATION TYPE 
D • Dry habitat species 
M • Mesic habitat species 
W • Wet habitat species 
5. UNDERSTORY SPECIES COMPOSITION 
a) Species name or association abbreviation (Note: Species 
name abbreviations for trees may also be used if the 
understory is domipated by individuals of that species, 
less than 2m tall~ 
bg = structured bog 
mf= matted ferns, Dicranopteris spp.,Hicriopteris sp., 
Sticherous sp. 
mg = mixed native-introduced grasses, sedges, or rushes 
ng • native grasses 
ns • native shrubs 
Pm = Passiflora mollisima (banana poka) 
tf • treeferns, Cibotium spp. (hapu'u) 
xg • introduced grasses, sedges or rushes 
xs • introduced shrubs 
xx • bare ground (at least 25% of the area) 
b) Species dominance (use same format as for tree species) 
6. OTHER INFORMATION 
CATEGORY 
bur • recently burned 
clr • recently cleared or logged 
fum • volcanic fume defoliation 
msc • miscellaneous unit - mix of native and introduced 
species in low elevation areas 
pio a pioneer vegetation, seral stage on recent lava flow 
sng • many standing dead or defoliated trees 
l c3, c2, or 3 w/tf, o2 w/tf (o3 if dry or mesic) and 
90% or more native species by cover 
2 co3, co2 and 75% native canopy 
(or simply 75% native canopy in non-ohia dominated 
dry and mesic communities) 
2A s vs 3 or 2, cos vs l, o2 w/mf and 
50% or more native species by cover 
3 Less than 50% native species or [3] 
Less than 50% ground cover [xx) 
rl. -3 
Hualalai 
Category 1 contains three vegetation compositions. The first type 
consists of an open canopy of tall Metrosideros polymorpha (Ohia 
lehua) dominant to moderate size native trees with mesic habitat native 
shrubs forming the understory. Closed canopies of tall Acacia koa 
codominant with l\letrosideros polymorpha comprise the second 
composition type. Moderate size native trees and an understory of 
mesic native shrubs and introduced grasses also occupy these areas. 
Codominant medium size Sophora chrysophylla (Mamane) and small 
native trees are scattered throughout the third composition type with 
dry habitat native shrubs and mixed grasses forming the underbrush. 
Category 2A covers a large eastern portion of Hualalai. Dry 
habitat native shrubs scattered over bare ground comprises the largest 
section. An area stretching west to northeast of this section also 
contains very scattered Metrosideros polymorpha of moderate stature 
codominant with low standing native trees in addition to the 
underbrush described previously. 
Category 2 generally consists of open and closed canopies of 
moderate to tall Metrosideros polymopha dominant with small to medium 
size native trees although some large areas also contain Acacia koa. 
Either dry habitat native shrubs, mesic native shrubs and introduced 
shrubs and grasses, or wet species of introduced and native shrubs 
and treeferns form the understory. Pioneer vegetation also grows in 
some areas. 
Category 3 encompasses three compositions of vegetation. The 
largest section, lying in the western portion of Hualalai, contains 
scattered tall Metrosideros polymorpha codominant with medium size 
native trees and tall introduced trees. Mesic introduced grasses 
comprise the understory. East of this large section lies a plot of 
scattered, codominant tall Acacia koa, Metrosideros polymorpha, and 
medium size native trees. The understory consists of mesic introduced 
grasses. A small plot of cleared land also exists. 
A-4 
Mauna Loa Southwest Rift 
Category 1 contains open and closed canopies of tall Metrosideros 
polymorpha dominant to native scrub trees and shrubs. The species 
association type is generally mesic although wet and dry habitat 
species also exist. 
Category 2A contains scattered Metrosideros polymorpha of low to 
moderate stature codominantly associated in some areas with low lying 
native trees. Dry habitat native shrubs scattered throughout bare 
areas are also present. 
Category 2 is dominated by open and closed canopies of moderate 
to tall Metrosideros polymorpha interspersed with low to moderate size 
native trees and an understory of mesic to dry species of natural 
shrubs and introduced shrubs and grasses. Large plots of sub-
dominant Acacia koa are located on the eastern areas while matted 
ferns occupy small areas of the Southern portion of the south west 
rift. 
Category 3 contains large plots of bare land scattered with native 
shrubs. Scattered to very scattered Metrosideros polymorpha of 
moderate to tall stature occupy smaller areas dispersed throughout the 
southwest rift. Low to moderate size native trees codominate these 
areas, and introduced shrubs and grasses as well as native shrubs 
make up the underbrush. Tall Acacia koa can be found scattered in 
some areas, codominant with Ohia and native trees. 
Mauna Loa East Rift (Upper Piihonua) 
Category 1 consists predominantly of closed canopies of tall 
Metrosideros polymorpha with subdominant association of moderate size 
native trees. Small plots also contain tall Acacia koa trees. Mesic to 
wet habitat species of native shrubs and treeferns (Cibotium; hapu'u) 
comprise the underbrush. 
Category 2A contains scattered Metrosideros polymorpha of 
various sizes codominantly associated in some area with native trees. 
Wet and mesic species of natural shrubs occupy most of the understory 
A-5 
although one small plot contains dry habitat native shrubs and mixed 
grasses. Large segments of land also have defoliated trees and 
pioneer vegetation. 
Category 2 generally contains open canopies of moderate to tall 
Metrosideros polymorpha standing alone with mesic species of native 
shrubs and pioneer vegetation occupying the understory. Some 
scattered areas also contain moderate size native trees. Beside the 
native shrubs, matted ferns and defoliated trees occupy small plots of 
wet areas while mixed grasses exist in some of the mesic and dry 
habitats. 
Category 3 compositions are not found in this section. 
Mauna Loa East Rift (Puu Ulaula) 
Category 1 contains two types of vegetation compositions. The 
northern areas consist of closed and open canopies of Acacia koa 
codominant with Metrosideros polymorhpa. Native trees of moderate 
height and mesic habitat native shrubs and mixed grasses also occupy 
these areas. The southern plots contain open canopies of moderate 
size Metrosideros polymorhpa with an understory of dry habitat native 
shrubs. 
Category 2A generally contains scattered to very scattered 
Metrosideros polymorpha of low to moderate height. In small areas, 
very scattered Sophora chrysophylla codominates with Metrosideros 
polymorpha. Scattered Acacia koa of moderate stature also occupy 
small plots codominating with native trees. Dry habitat, native shrubs 
occupy all areas while bare land covers at least 25% of these areas 
especially in the southern part of the rift zone. Mixed grasses also 
inhabitat small, scattered plots. 
Category 2 compositions are scattered throughout this zone. 
These areas 
polymorpha. 
contain open canopies of moderate size Metrosideros 
Dry habitat native shrubs and mixed grasses make up 
the understory. 
Category 3 which covers over 50% of this section consists of bare 
ground with scattered native shrubs. 
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Mauna Loa East Rift (Kulani) 
Category 1 contains two major compositions of vegetation. Large 
areas, especially in the eastern parts, are dominated by open and 
closed canopies of tall Metrosideros polymorpha accompanied by 
moderate size native trees and a wet understory habitat of native 
shrubs and treeferns. Open and closed canopies of tall Acacia koa 
codominant with Metrosideros polymorha occupy other large areas. The 
understory contains either mesic native shrubs and treeferns. 
Moderate stature native trees also exist in these areas. 
Category 2A consists of several different compositions. Most 
common are the open canopied and scattered Metrosideros polymorpha 
of low stature with an understory of dry habitat native shrubs 
scattered along bare ground. Western areas contain this combination. 
Pioneer vegetation also inhabits some of these areas. Small plots of 
codominant, scattered Acacia koa of moderate stature and native trees 
occupy the extreme northwest and southwest parts accompanied by an 
understory of dry habitat native shrubs and mixed grasses. A long, 
narrow band running north to northeast consists of bare ground with 
scattered mesic native shrubs and pioneer vegetation. To the extreme 
northeast lie several small plots consisting of scattered Metrosideros 
polymorpha con dominant with moderate size native trees. Wet habitat 
native shrubs and defoliated trees form the understory. The eastern 
portion of this section features three areas containing introduced trees 
either dominant or codominant with Metrosideros polymorpha and native 
trees. Wet species of natural and introduced shrubs and matted ferns 
inhabit the understory of these areas. 
Category 2 contains scattered and closed canopy coverings of 
moderate to tall Metrosideros polymorpha dominant or codomiant with 
smaller native trees. Dry to mesic habitats form the Western area 
underbrush consisting of native shrubs and mixed grasses. Wet 
species of native shrubs and treeferns inhabit the understory of the 
eastern plots. Several eastern areas also contain defoliated trees. 
Acacia koa exist in small plots in the southwest, and pioneer 
vegetation occupies southern and central plots in this region. 
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Category 3 consists of large areas of bare ground with scattered 
native shrubs in the extreme west. Scattered to very scattered Acacia 
koa of moderate to tall stature codominate smaller plots with native 
trees and Metrosideros polymorpha. Mesic to dry native shrubs and 
mixed grasses occupy the understory of these plots. Very scattered, 
tall Metrosideros dominate a recently cleared plot accompanied by mesic 
native shrub and introduced shrubs and grasses. A cleared plot and 
two other unmapped areas are also present. 
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APPENDIX B 
Proposed Revisions to State of Hawaii, 
Administrative Rules, Chapter 11-59, Ambient 
and Chapter 11-60, Air Pollution Control, 
Activities. 
Department of Health 
Air Quality Standards 
covering Geothermal 
Chapter 11-59 includes one-hour standard for H2Sof 100 ppb. 
Chapter 11-60 includes emission standards for geothermal wells and 
geothermal power plants and H2s episode levels. 
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DRAFT-3/22/84 
Amendments to Chapter 11-59, Administrative Rules. 
1. Sll-59-4, Administrative Rules, is amended to read as follows: 
"Sll-59-4 Ambient air guality standards. (a) [InterpretationJ The 
numercial ambient air quality standards below limit the time-averaged 
concentration of specified pollutants dispersed or suspended in the ambient 
air of the [state] State, but these standards do not in any manner authorize 
the significant deterIoration of existing air quality in any portion of the 
[ sta tel State. 
(b}[ApplicationJ Limiting concentrations specified for a twelve-
month period or a calendar guarter shall not be exceeded. Limiting 
concentrations specified for one-hour three-hour ei ht-hour and twent -
four-hour periods [less than twelve month sha not be exceeded more 
tfilin once in any twelve-month period. 
(c) [Carbon monoxideJ In the ambient air the concentration of 
carbon monoxide measured by a reference method shall not exceed: 
(1) An average value of ten milligrams per cubic meter of air 
during any one-hour period. 
(2) An average value of five milligrams per cubic meter of air 
during any eight-hour period. 
(d) [Nitrogen dioxide.] In the ambient air the average 
concentration of nitrogen dioxide measured by a reference method during 
any twelve-month period shall not exceed seventy micrograms per cubic 
meter of air. 
(e) [Suspended particulate matter.] In the ambient air the 
concentration of suspended particulate matter measured by a reference 
method shall not exceed: 
(1) [An average value] A geometric mean of [fifty-five] sixty 
micrograms per cubic meter of air during any twelve-month 
period. 
(2) An average value of [ 100] one hundred fifty micrograms per 
cubic meter of air during any twenty-four-hour period. 
(f) [Ozone.] In the ambient air the average concentration of ozone 
measured by a reference method during any one-hour period shall not 
exceed [ 100] one hundred micrograms per cubic meter of air. 
(g) [Sulfur dioxideJ In the ambient air the average concentration 
of sulfur dioxide measured by a reference method shall not exceed: 
(1) An average value of [twenty] eighty micrograms per cubic 
meter of air in any twelve-month period. 
(2) An average value of [eighty] three hundred sixty-five 
micrograms per cubic meter of air in any twenty-four-hour 
period. -
(3) An average value of [400] one thousand three hundred 
micrograms per cubic meter of air many three-hour period. 
(h) [Lead.] In the ambient air the average concentration of lead 
measured as elemental lead by a reference method during any calendar 
quarter shall not exceed 1.5 micrograms per cubic meter of air. 
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(i) In the ambient air, the concentration of hydrogen sulfide 
measured b a reference method shall not exceed one hundred thirt -nine 
micrograms per cubic meter o air in any one-hour period." E • 
November 29, 1982; am ] (Auth: 42 U.S.C. S7410, 7416; 40 
C.P.R. Parts 50, 51; HRS §342-3, 342-22) (Imp: 42 U.S.C. §7407, 7409, 
7410, 7416; 4G-C.F.R. Parts 50, 51; HRS S342-22) 
2. Material, except source notes, to be repealed is bracketed. New 
rna terial is underscored. 
3. Additions to update source notes to reflect these amendments are not 
underscored. 
4. These rules shall take effect ten days after filing with the Office of 
the Lieutenant Governor. 
I certify that the foregoing are copies of the rules, drafted in the 
Ramseyer format pursuant to the requirements of section 91-4.1, Hawaii 
Revised Statutes, which were adopted on , and 
filed with the Office of the Lieutenant Governor. 
APPROVED AS TO FORM: 
Deputy Attorney General 
CHARLES G. CLARK 
Director of Health 
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DRAFT-3/22/84 
Amendments to Chapter 11-60, Administrative Rules. 
1. Chapter 11-60, Administrative Rules, is amended by adding a new section, 11-60-23.1, 
to read as follows: 
"§11-60-23.1 Geothermal wells. (a) A well as used in this section and section 11-60-
23.2 means any well which obtains, or is designed to obtain, a geothermal resource. 
(b) Prior to a well being part of a distribution system which supplies a geothermal 
resource to a power plant which has commenced using the geothermal resource, emissions 
from the well shall not be in excess of five pounds of oarticula tes, and five pouP.ds of 
hydrogen sulfide, per one hundred pounds of each respective pollutant in the geothermal 
resource. 
(c) After a well is part of a distribution system which supplies a geothermal 
resource to a power plant which has commenced using the geothermal resource, emissions 
from the well of hydrogen sulfide stall not be in excess of two pounds per one hundred 
pounds of hydrogen sulfide in the geothermal resource. 
(d) The owner or operator of a well shall obtain an authority to construct and a 
permit to operate as follows: 
(I) Prior to commencement of well construction, an authority to construct shall be 
obtained in conformance with subchapter 3, and if applicable, subchapter 4. 
(2) Prior to a well being part of a distribution system which supplies geothermal 
resource to a power plant which has commenced using the geothermal resource, 
a permit to operate shall be obtained in conformance with subchapter 3. 
B-4 
(e) This section shall be in effect immediately for any well which has not begun 
actual construction before the effective date of this section. An existing well or one which 
-
has begun actual construction before the effective date of this section shall be in 
compliance with this section by December 31, 1986.11 [Eff. ] (Auth: HRS 
SS342-3, 342-22, 342-23) (Imp: §§342-3, 342-22, 342-23) 
2. Chapter 11-60, Administrative Rules, is amended by adding a new section 11-60-23.2 
to read as follows: 
"§11-60-23.2 Geothermal power plants. (a) A power plant as used in this section and 
section 11-60-23.1 means any power plant which uses or is designed to use, a geothermal 
resource. A power plant as defined shall not include the well(s) supplying the geothermal 
resource to the power plant. 
(b) Hydrogen sulfide emissions from a power plant shall not exceed two pounds per 
one hundred pounds of hydrogen sulfide in the incoming geothermal resource. 
(c) The maximum allowable increase in hydrogen sulfide concentration in the 
ambient air above natural background level shall be thirty-five ug/m3 as a one-hour average, 
considering all stationary sources except geothermal wells in the area affected by the power 
plant applying for an authority to construct. The maximum allowable increase may be 
exceeded once per twelve-month period at any one location. 
2 
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(d) No power plant shall consume any part of the thirty-five ug/m1 maximum 
allowable increase until an authority to construct application is certified complete by the 
director. 
(e) The owner or operator of a power plant shall obtain an authority to construct and 
a permit to operate in conformance with subchapter 3, and if applicable, subchapter 4. 
(f) This section shall be in effect immediately for any power plant which has not 
begun actual construction before the effective date of this section. An existing power plant 
or one which has begun actual construction before the effective date of this section shall be 
in compliance with this section by December 31, 1986." [Eff. 
§§342-3, 342-22, 342-23) (Imp: HRS §§342-3, 342-22, 342-23) 
] (Auth: HRS 
3. Sll-60-35, Administrative Rules, is amended and renumbered to read as follows: 
"[§ll-60-35] Sll-60-19 Prevention of air pollution emergency episodes. (a) 
Notwithstanding any other provision of [the air pollution control regulations, this episode 
regula tionl this chapter, this section is designed to prevent the excessive buildup of air 
contaminants during air pollution episodes, thereby preventing the occurrence of any 
emergency due to the effects of these contaminants on the public health. 
(b) [Episode criteriaJ Conditions justifying the proclamation of an air pollution 
alert, air pollution warning, or air pollution emergency shall be deemed to exist whenever 
the director determines that the accumulation of air contaminants in any place is attaining 
or has attained levels which could, if such levels are sustained or exceeded, lead to a threat 
to the health of the public. In making this determination, the director [ willl shall be guided 
by the [following] criteria[:] set forth in subsections (c) to (g). 
3 
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[{1)] (c) "Air pollution forecast": An internal watch by the department shall be 
actuated by a national weather service advisory that atmospheric stagnation advisory is in 
effect or the equivalent local forecast of stagnant atmospheric conditions. 
[ (2)] (d) "Alert": The alert level is that concentration of pollutants at which first 
stage control action is to begin. An alert [ willl shall be declared when any one of the 
following levels is reached: 
[(A)] (l) S02 - [800] eight hundred ug/m3 (0.3 ppm), [24-1 twenty-four hour 
average.i 
[(B)] (2) Particulate matter- [3.0 COHs or 375] three hundred seventy-five ugfm3, 
[24-1 twenty-four hour average.i 
[(C)] (3) S02 and particulate matter combined - [product of S02, ppm, 24-hour 
average and COHs equal to 0.2 or] product of so2, ug/m3, [24-1 twenty-
four hour average and particulate matter, ug/m3, [24-1 twenty-four hour 
average equal to 65xl03.i 
[(D)] (4) CO- [17) seventeen mgfm3 ([15] fifteen ppm), [8-1 eight hour average.i 
[(E)] (5) [Oxidant] Ozone- [200) four hundred ugfm3 ([0.1] 0.2 ppm), [ H one hour 
average.i 
[(F)] (6) N02- [1,130) one thousand one hundred thirty ug!m3 (0.6 ppm), lH ~. 
hour average; [2821 two hundred eight-two ug/m3 (0.15 ppm), [24-1 twenty-
four hour average; or 
(7) H2S- one hundred thirty-nine ug/~ (0.10 ppm), one hour average; 
and meteorological conditions are such that this condition can be expected to continue for 
twelve or more hours. 
[(3)) (e) "Warning": The warning level indicates that air quality is continuing to 
degrade and that additional abatement actions are necessary. A warning [willl shall be 
declared when any one of the following levels is reached: 
4 
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[(A)] (1) S02 - [ 1,600] one thousand six hundred ugfm3 (0.6 ppm), [24-J twenty-four 
hour average..i. 
[{B)] (2) Particulate matter- [5.0 COHs or 625] six hundred twenty-five ug/m3, 
[ 24-J twenty-four hour a verage..i. 
[(C)] {3) S02 and particulate matter combined - [product of S02, ppm, 24-hour 
average and COHs equal to 0.8 or] product of S02, ug/m3, [24-J twenty-
four hour average and particulate matter, ugfm3, [24-J twenty-four hour 
average equal to 26lxl03j_ 
[(D)] {4) CO- [34] thirty-four mg/m3 {30 ppm), [8-J eight hour average..i_ 
[{E)] (5) [Oxidant;] Ozone - [800) eight hundred ugfm3 {0.4 ppm), [H one hour 
average..i_ 
[(F)] {6) N02 - [2,260) two thousand two hundred sixty ug!m3 {1.2 ppm), [H one 
hour average; [565) five hundred sixty-five ug/m3 (0.3 ppm), [24-J twenty-
four hour average; or 
(7) H2S - one thousand three hundred ninety ug/~ {1.00 ppm), one hour 
average; 
and meteorological conditions are such that this condition can be expected to continue for 
twelve or more hours. 
[ {4)] {f) "Emergency": The emergency level is reached when the warning level for a 
pollutant has been exceeded and.:_ 
[(A)] ill . The concentrations of the pollutant are continuing to increase[Ji or 
[(B)] (2) The director determines that, because of meteorological or other facts, the 
concentrations will continue to increase[ J..t or 
[(C)] (3) When any one of the following levels is reached: 
[(i)) (A) S02 - [2,100] two thousand one hundred ugfm3 (0.8 ppm), [24-J 
twenty-four hour averagej_ 
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[(ii)] (B) Particulate matter- [7.0 COHs or 875] eight hundred seventy-five 
ug/m3, [24-l twenty-four hour average1 
[(iii)] (C) 802 and particulate matter combined-[ product of 802, ppm, 24-hour 
average and COHs equal to 1.2 or] product of 802, ug/m3, [24-l 
twenty-four hour average and particulate matter, ug/m3, [24-1 
twenty-four hour average equal to 393xlo3l 
[(iv)J (D) CO - [46] forty-six mg/m3 ([40] forty ppm), [8-1 eight hour 
avera gel 
[(v)] (E) [Oxidant] Ozone - [ 1,200] one thousand ug/m3 (0.6 ppm), [ 1-:J ~ 
hour average1 
[(vi)] (F) N02- [3,000] three thousand ugfm3 (1.6 ppm), one [1-1 hour average; 
[750] seven hundred fifty ugfm3 (0.4 ppm), [241 twenty-four hour 
average; or 
(G) H28 - thirteen thousand nine hundred ug/~ (10.0 ppm), one hour 
average. 
[(5)] iKl_ "Termination": Once declared, any [statuS) episode level reached by 
application of these criteria [Will[ shall remain in effect until the criteria for that level are 
no longer met. At [sucli) that time, the next lower [statu!i episode level [willJ shall be 
assumed." [Eff. November 29, 1982; am and ren Sll-60-19 ] (Auth: HR8 
§§342-3, 342-22; 42 U.8.C. §7407, 7410, 7416; 40 C.P.R. Parts 50, 51, 52) (Imp: HR8 §§342-
3, 342-9, 342-22; 42 U.8.C. SS7407, 7410, 7416; 40 C.P.R. Parts 50, 51, 52) 
2. Material, except source notes, to be replaced is bracketed. New material is 
underscored. 
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3. Additions to update source notes to reflect these amendments are not underscored. 
4. These amendments to Chapter ll-60, Administrative Rules, shall take effect ten days 
after filing with the Office of the Lieutenant Governor. 
I certify that the foregoing are copies of the rules, drafted in the Ramseyer format pursuant 
to the requirements of section 91-4.1, Hawaii Revised Statutes, which were adopted on 
___________ and filed with the Office of the Lieutenant Governor. 
APPROVED AS TO FORM: 
Deputy Attorney General 
CHARLES G. CLARK 
Director of Health 
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APPENDIX C 
ARCHAEOLOGICAL LITERATURE SEARCH 
Kilauea East Rift Zone, (True/Mid Pacific Geothermal Venture, 
Revised Environmental Impact Statement for the Kahaualea Geothermal 
Project, June, 1082, prepared by Tommy Holmes, April 1982). 
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Archaeological Literature Research 
Tolllilly Holmes 
April 1982 
The following is a brief summary of the findings of a docu-
mentary literature search on the ahupuaa of Kahauale 1 a in 
the Puna District of the island of Hawaii. httention is 
given to the entirety of the ahupuaa, though the emphasis is 
on the mauka portions from about 1,500 1 to 3,800 1 elevation, 
or roughtly three miles inland to the northern terminus of 
the ahupuaa, just below Kilauea Iki. The present document 
consists of excerpts from a longer report entitled "A Pre-
liminary Report on the Early History and Archaeology of 
Kahauale 1 a, Puna, Hawaii" prepared by Tommy Holmes for the 
Estate of James Campbell. 
TRAILS 
In Puna, where canoe landing and launching sites were very 
few and extremely dangerous, trails held special signifi-
cance. Given terrain that was alternately rugged lava and 
thick jungle, Puna residents had n? choice but to develop a 
good trail system over which a great part of trade, communi-
cations and transportation occurred. 
Several old trails were known to have either passed through 
Kahauale 1 a ahuouaa or started at some point outside the area 
or at the coast and penetrated into Kahauale 1 a for a certain 
distance. At least four of these trails traversed 
Kahauale' a in a rough east-west direction. The trail most 
makai followed the contour of the coastline just a few feet 
from the ocean. 
A second ancient trail called on maps today the Kalapana or 
Volcano-Kalapana Trail crossed Kahauale'a a little more than 
half a mile inland. This was apparently the preferred route 
in traveling from Puna to the Volcano area (although there 
were other routes, e.g. Ellis' path). 
Coming up on this same trail from Puna, one could continue 
on to the Volcano or branch off to the right just below 
Makaopuhi crater to re-enter and recross Kahauale'a at about 
the 2,700-ft. level. About ten miles inland, this ancient 
trail, called the Glenwood-Makaopuhi Trail on today's maps, 
took one through to Keeau and Ola' a and eventually back to 
Hila. 
The fourth ancient trail, used by Capt. Wilkes' party in 
1840, apparently began just to the east of Makaopuhi and 
traversed Kahauale'a at about the 2,200-ft elevation, passed 
just north of Kalalua crater and continued down the rift 
zone. 
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Hudson also mentions an "old trail across 
south of Makaoiki [a heiau in Kahauale'a 
inland] . 
the lava flow 
about a mile 
Makai-mauka trails are shown on u.s. Geological survey ma~s 
compiled in 1912 and 1922. A single trail begins at the 
coast on the border of Kahauale' a and Kapaahu ahupuaa and 
runs inland for about three miles in a roughly northerly 
direction before it branches. The major branch, called the 
Kapaahu trail, continues into Kahauale'a till about the 
1,500-ft. elevation where on the map it terminates. The 
branch trail fairly closely parallels the Kapaahu trail 
before it too seems to end at about the same elevation. 
Most likely one or both trails might have at one time gone 
considerably further inland serving bird-catchers, canoe-
makers, upland farmers, forest product gatherers, travelers, 
etc. Chester Lyman reported in 1846, taking a trail that 
appears to have started at the coastal village of Kahauale'a 
and continued almost due north into the interior of 
Kahauale'a and back to Hilo. 
Indeed there were probably a number of coast-inland trails 
that accessed the archaeological sites, reported as far as 
three miles or more inland on neighboring ahupuaa of 
Kahauale'a. That some would have gone inland up the 
Kahauale'a corridor is very likely. 
The manufacture and export of pulu, the soft,. wooly sub-
stance found at the base of hapuu ferns, was, according to 
Thrum, an important industry from 1851 to 1884. Most pulu 
came from an extensive tract of fern and ohia forest in the 
Kilauea vicinity. Brigham noted that, "In the early sixties 
[1860's] the business of picking and packing pulu had become 
so important that trails cut by the many natives thus 
employed opened the crater country far more than ever 
before." 
SITES 
As mentioned previously, most known sites in Kahauale'a are 
found quite close to the shore. The most seaward is a canoe 
ladder site, one of several along the cliff-bound coast of 
Puna. 
Considering the numerous ahupuaa that make up the Puna 
District, the reported presence of three heiaus in 
Kahauale'a alone, where many other Puna ahupuaa, often more 
populous, had none is of some interest. 
Located within a couple of hundred 
adjoining Waikupanaha pond is what 
heiau. 
yards 
Hudson 
from the sea 
calls Waiaka 
A second heiau, called Punaluu, unquestionably in Kahauale'a, 
was quite large and complex. 
The other reported heiau in Kahauale'a, called by Thrum and 
Hudson, · Makaoiki, was located "about a mile inland :trom 
Kupaahu village ... in the middle of an aa flow. The adjacent 
graves are pits sunk in the surface of the flow. Hudson 
also notes a "former burial cave, a short distance south of 
site 179 [Makaoiki]. The cave is known as "Kalua Makini". 
In the land of Pulama (on old maps the ahuouaa bordering 
Kahauale'a to the west) Hudson reports a heiau, Makaiwa, 
three miles from the sea. Thrum calls it an 11 ipuolono 11 or 
agricultural-type heiau. Early Hawaiian scholar S. M. 
Kamakau says such 11 ipuolono heiaus ... temples, or more prop-
erly household shrines, were to foster food. 
Mention of this heiau, though it is not in Kahauale'a, is 
made here for two reasons. · 
First: The location of Makaiwa h,eiau three miles inland, 
coupled with the location of several other heiau in the 
southwest Puna area that Hudson places nearly as far inland, 
strongly suggest that there was significant activity in 
Kahauale'a and nearby ahupuaa well inland of what was 
expected when the present study was initiated. 
Second: At three miles from shore, Makaiwa heiau and atten-
dant sites are almost to the furthest inland reaches of 
Pulama which is bounded by a dog-leg of Kahauale' a to the 
north. In fact, Makaiwa heiau and the other sites are 
located just a few hundred yards outside Kahauale'a. Hudson 
notes that in support of the classification of Makaiwa as an 
" ipuolono 11 heiau are "the many old agricultural workings 
found nearby [that] indicate that the purpose of the heiau 
was to protect and fructify the crops". He goes on to say 
"In the neighborhood of Makaiwa heiau are a number of plat-
forms, house sites, terraces, pens, and walls. 
To extrapolate that there might be sites or site complexes a 
few hundred yards away in Kahauale' a, at the same distance 
or more inland, is not unreasonable. 
UPLAND SITES 
It is, in fact, at the elevation of Makaiwa heiau and 
accompanying sites that Jim Jacobi [personal conununication 
1982] reported during a bird survey done in the late 1970's, 
seeing a number of sites. His recall is that these sites 
were about 1~ to 2 miles below Kalalua Crater situating them. 
,,.-, -- ~ 
in Kahauale'a at about 1200'-1500' elevation, 3~ to 4 miles 
inland, and by crude calculation relatively near the Makaiwa 
heiau complex. 
Moving up in elevation Mr. Jacobi also recalled seeing a 
scattering- of apparent sites immediately mauka of Kalalua 
Crater. He also reported part of the ancient trail that 
Wilkes' party used as still being in evidence in this Kala-
lua vicinity. Lastly, he recalls seeing certain cultigens, 
particularly the ti plant, growing in the Kalalua area, 
further suggesting one time agricultural activity. 
Handy recorded information regarding the extent of inland 
agricultural activity in western Puna in 1935, when there 
were still individuals living who were familiar with Puna's 
early history. According to his informants, there is very 
strong evidence for agricultural activities well inland in 
Kahauale'a. "Land northeast of Kapa'ahu [that, according to 
Handy's informants] ... used to be covered with plantations" 
is adjacent and virtually identical in terms of terrain and 
vegetative cover to the lower mauka portions of Kahauale'a. 
The description of Kaho'onoho at least 2.5 miles into 
Kahauale'a's forested interior, and Wala'ohia, also consid-
erably inland, as "the two great forest planting areas in 
Kahauale' a" rather pointedly suggests upland agricultural 
activity in Kahauale'a. Similarly, the Kupahua homesteading 
area, upper Kalapana and upper Kaimu are all three to four 
miles inland, quite close to Kahauale' a, and similar in 
nature of terrain and vegetation. Supporting Handy's obser-
vations on agricultural activity in western Puna are other 
references, some already noted and more below. 
Two other references 1 if calculations and assumptions are 
correct, would place agricultural activities well into 
Kahauale' a's interior. An "extensive upland taro patch" 
referred to in 1841 by Capt. Charles Wilkes, head of the 
U :s. Exploring Expedition, was apparently in Kahauale' a, 
probably at about 2,000' to 2,200' elevation. 
Chester Lyman, who traveled through Puna in 1846 with 
Rev·. Coan, also reports a plantation about five miles inland 
iri Kahauale'a. 
At 10 miles he makes note of "a small grass shanty" that 
could have been a temporary abode for travelers, farmers, or 
forest product gatherers. 
At Panau, a small village near Kahauale' a at about 2, 500' 
elevation and just below Napau crater, there was also agri-
cultural activity. Rev. William Ellis, traveling in 1823 
through what appears to be the Panau area, says "The natives 
ran to a spot in the neighborhood, that had formerly been a 
plantation, and brought a number of pieces of sugar-cane ... " 
That there was a permanent village this far inland (about 5 
miles) and within minutes of walking time from Kahauale 1 a, 
would lead one to suspect that permanent and temporary 
inhabitants of Panau made regular trips into Kahauale 1 a for 
various forest products. 
Wilkes, in 1841, says of Panau that "Here many canoes are 
built and transported to the sea, the trees in the vicinity 
being large and well adapted to this purpose. What this and 
other canoe related references suggest is that logging koa 
trees for canoe hulls and procuring wood for other canoe 
parts might well have been another inland forest activity 
within Kahauale 1 a. 
The pre- and early post-contact native forest regime of 
mauka Kahauale 1 a, with its extensive ohia canopy provided a 
near ideal habitat for many of the birds sought after by 
bird-catchers, kia manu. Feathers from certain birds were 
made into the highly-prized feather work artifacts of the 
ali 1 i - capes, cloaks, helmets, kahili, etc. 
Early Hawaiian scholar, N. B. Emerson writing in 1895 about 
bird-catching considered Kilauea, Puna, and upper Hilo 
amongst the most desirable bird-catching areas in the 
islands, implying that Kahauale 1 a by its location (in Puna 
and contiguous with Kilauea) and type of vegetative, cover 
was ideal bird country. 
Hudson, while not mentioning Panau by name, says that "a few 
sites were also found in the upland forest region around 
Makaopuhi and Napau craters at an elevation of about 2,700 
feet 6 miles from the sea". Unfortunately, he does not 
elaborate further on just where the sites were located or 
what type they were. He does, though, go on to describe 
other suspected and known sites, including a pulu factory, 
and possible religious and habitation sites in the Panau 
village vicinity. 
These sites would all be very close to the border of 
Kahauale 1 a. Ellis mentions in 1823 a heiau to Pele near 
Kilauea-iki which is all but contiguous with the northern-
most terminus of Kahauale'a. 
Whatever the exact location of these other inland sites the 
point is firmly made. There was a variety of activities, 
such as canoe building, agriculture, and birdca tching, in 
the greater volcano area and regular travel through it along 
several trails. Kahauale' a mauka was an integral part of 
the physical and resource bounds of these early inhabitants, 
temporary workers, and transients. In summary, it would not 
be unreasonable to expect that there are archaeological 
sites in the mauka portions of Kahauale'a. 
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APPENDIX D 
ARCHAEOLOGICAL SITES IN GEOTHERMAL RIFT ZONES 
D-1 
Source: Department of Land and Natural Resources, Division of 
State Parks, Historic Site Section maps and site records as of July, 
1984. 
Site Number 
KILAUEA EAST RIFT ZONE 
10-52-5508 
10-60-7371 
10-60-7372 
10-68-7361 
10-69-7362 
10-68-7370 
19-53-7414 
10-68-4310 
10-68-4368 
10-68-4370 
50-10-46-4295 
10-45-7387 
50-10-46-4250 
50-10-46-4251 
50-10-46-7492 
50-10-46-2501 
50-10-46-4278 
50-10-55-7388 
50-10-46-2500 
50-10-46-4294 
50-10-46-4254 
50-10-46-4255 
50-10-46-2529 
Description 
Old Volcano House #42 
(National Register) 
Kapapala Ranch Manager's House 
Kapapala Ranch Complex 
Punaluu Landing and Railroad 
Terminal 
Pahala District 
Site of former Opukahaia House 
Volcano Residential District 
Wailau Complex 1 
Koloa Complex 
Luu Complex 
Pualaa Complex II 
Puulaa Congregational Church 
Kings Cairns 
Kumakahi Grave Sites 
(State Register) 
Lyman Marker 
Kapoho Petroglyphs 
(State Register) 
Kahuwai Village Complex 
Pahoa District 
Kukii Helau 
Pualaa Complex I 
Kapoho Pt. Platform 
S. Kapoho Pt. Complex 
MacKenzie Petrogyph Filed 
(State Register) 
D-2 
MAUNA LOA SOUTHWEST RIFT 
10-73-7353 
10-73-7357 
10-66-7313 
10-66-7314 
10-66-7315 
10-66-7316 
10-66-7317 
10-66-7318 
10-66-7311 
10-66-7312 
10-66-7365 
10-71-2162 
10-72-3700 
10-73-7364 
10-72-2161 
Kahuku Ranch House 
Captain Robert Brown Marker 
Tobacco Barn 
Kana House #10 
Kana House #11 
Hoopuloa Church Site 
I. M. Littorin House 
Kana House #12 
Tobacco Barn & Slaughter House 
l\lcWayne House 
C. Q. Yee Hop Lumber Mills 
Lava Tube Complex 
(State Register) 
Kalanamauna Upland Complex 
(State Register) 
Kamoa Homestead House 
Keawaiki Complex 
(State Register) 
IVJAUNA LOA EAST RIFT ZONE-no sites indicated 
HUALALAI-no sites indicated 
HALEAKALA EAST 
50-50-13-1078 
50-50-13-1482 
50-50-13-1485 
50-50-13-107 
50-50-13-109 
Kalapuni Ko'a 
(State Register) 
Ka'uiki Hill 
Kawaipapa Complex 
(State Register) 
Waikaloa Platform 
(State Register) 
Kauleiula Heiau 
(State Register) 
D-3 
50-50-13-110 
50-50-13-148T 
50-50-13-117 
50-50-13-522 
50-50-13-573 
50-50-13-1491 
Kauleilepo Heiau 
(State Register) 
Noa Fishponds 
(State Register) 
Koahaepali Heiau 
Aleamai Enclosure 
(State Register) 
Ka Iwi 0 Pele Complex 
Kainalimu Enclosure 
(State Register) 
HALEAKALA SOUTHWEST RIFT ZONE 
50-50-14-192 
50-50-14-1017 
50-50-14-1018 
50-50-14-1021 
50-50-14-1009 
50-50-14-1385 
50-50-14-1006 
50-50-14-1019 
50-50-15-572 
50-50-14-1234 
50-50-14-1235 
Papanuiokane Heiau 
Kalua 0 Lapa Burial Cave 
~1aonakala Village Complex 
(State Register) 
Poo Kanaka Stone 
(State Register) 
Puu Naio Cave 
(State Register) 
La Perouse Archaeological District 
(State Register) 
Kanaio Mauka Complex 
(State Register) 
Paako Point Ko'a 
Hoapili Trial 
(State Register, National Register 
nomination) 
Kaipolohua Cave 
(State Register) 
Cave of Seven Coffins 
(State Register) 
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APPENDIX E 
VISUAL IMPACT ANALYSIS 
(True/Mid Pacific Geothermal Venture, Revised Environmental 
Impact Statement for the Kahaualea Geothermal Project, June 1982). 
E-1 
VISUAL IMPACTS 
Concern has been raised about the possible adverse impact that the power 
plants might have on the vistas within the Hawaii Volcanoes National Park 
(HVNP). The EIS addresses this issue in Sections 5 and 6. To further 
document the very minimal visual impacts of the project facilities, an area 
terrain analysis was made to determine locations outside of the property 
from which the facilities could be seen. Figure 1 shows the "observer 
locations" around the Park used in the terrain analysis. Figures 2 through 
7 represent visual perspectives from selected observer stations. 
Points were chosen at 100-foot elevation increments along the approach road 
to the Park (Volcano Highway) as well as the nearby public roads in the 
Park. For each of these points, a view line was calculated from an 
observer (whose eyes were considered to be 10 feet above the road) to the 
top of an 80-foot high power plant (A, B, C or 0) or a 65-foot high power 
plant (E). In almost all cases, this view line went below the surface of 
the ground between the observer and the power plant. Two exceptions to 
these results occur (1) in the immediate vicinity of the entrance road to 
the dump site (transfer station) along the Volcano Highway about 2.5 miles 
east of the Volcano community (Station 7) and (2) a 1,500-foot section of 
the Chain of Craters Road just as it starts over the Kalanaokuaiki Pali 
near the turn-off to the Ainahou Ranch where a view corridor is present in 
which the upper 20 feet (more or less) of a power plant at Site E could be 
seen. 
View lines were also calculated for points along the Napau Crater Trail as 
well as for other points north of this trail between the trail head and 
Puu Kamoamoa. The power plants would be visible from about half of the 
length of this trail as well as from many points in the barren lava fields 
of the area. Based upon this analysis as well as visual inspection of air 
photos and maps, it is estimated that one or more power plants may be 
visible from about 30 percent of the rift zone area north of the trail in 
E-2 
this region. To the south of the Napau Trail, the power plants cannot be 
seen except from a few high points due to the abrupt change of regional 
slope. Even when the power plants are visible, they are at distances of 
one to six miles and thus they would not be significant intrusive features 
with proper design and construction considerations. In no case are they 
expected to be seen as a silhouette on the horizon, but instead, they would 
be a feature in the middle to far distant background. 
Since the primary visual concern revolves about the possible view of the 
power plants from publicly accessible view points in the park where large 
numbers of tourists wouid likely visit, a series of profiles or visual 
perspective were constructed to show that the view lines from these points 
are blocked. Perspectives are shown in Figures 2 to 7. It should be noted 
that no correction for trees has been incorporated into these perspectives. 
If the trees are included, only Plant E could be viewed from any nearby 
road in the park or those immediately outside the park. (Observers on the 
Mauna Loa strip road at a distance greater than 10 miles may be able to see 
one or more of the plants once they go above 6,000 feet.) For Plant E, the 
only areas of visibility from publicly a~cessible roads are from the Napau 
Trail parking lot and access road and the portion of Chain of Craters Road 
immediately to the south of Pauahi Crater and north of the Aina Loa Ranch 
turnoff. 
It is possible that the moist warm air from the cooling towers will 
condense as it rises under certain atmospheric conditions to form a sma 11 
cloud mass similar to that often observed near cracks and puu's along the 
remote part of the East Rift Zone east of Mauna Ulu under the same 
conditions. During normal atmospheric conditions, no visible vapors are 
expected from the cooling towers. 
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PREFACE 
Act 296, Session Laws of Hawaii 1983, as amended by Act 151, 
SLH 1984, requires that the Board of Land and Natural Resources 
examine various factors when designating subzone areas for the 
exploration, development, and production of geothermal resources. 
These factors include potential for production, prospects for 
utilization, geologic hazards, social and environmental impacts, land 
use compatibility, and economic benefits. The Department of Land and 
Natural Resources has prepared a series of reports which addresses 
each of the subzone designation factors. This report analyzes the 
major 
within 
economic considerations associated 
potential geothermal areas. 
with geothermal activities 
This report was prepared by Environmental Capital Managers, 
Inc. under the general direction of Manabu Tagomori, Chief Water 
Resources and Flood Control Engineer, Division of Water and Land 
Development, Department of Land and Natural Resources. 
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SUMMARY 
To facilitate this economic assessment, two assumptions are made: 
(1) a 20 to 30 megawatt(MW) plant would be constructed, and (2) the 
application of the geothermal wells would be for the production of 
electricity for local consumption only. 
The overall assessment is that a 20 to 30 MW geothermal power 
plant will have some economic impact on a State-wide and County-wide 
basis, but the impact would probably not be significant. Based upon 
the data available, the direct wages to the 25 direct project employees 
will be about $560,000 per year. This direct income will stimulate a 
multiplier effect totalling an estimated $1.3 million. Additionally, an 
estimated 57 additional jobs will be created. 
The selected sources of public revenue analyzed will not yield a 
significant amount, in relative terms as well as in absolute ones, due 
to the size of the plant. However, only after a more complete analysis 
of the public revenue and public or community resource cost of a 
specific development will it be known whether the public revenues will 
outweigh the public costs. 
Overall, the impact of the 25 additional households to the 
community will be primarily in the housing market, assuming that all 
the 25 workers needed by the plant come from outside the County. 
Realistically, only a portion will be "imported" into the County. Thus 
the impact on housing is not expected to be as great. Other commu-
nity resources will not be affected in a significant manner. 
For the production of electricity for local consumption only, the 
assumed 20 to 30 MW plant size being considered here is reasonable. 
However, direct use and other applications would alter the plant size 
requirements. In addition, more significant impacts on the economy 
would occur, both benefits and costs: more jobs, increased public 
revenue, increased housing and infrastructure demands, etc. 
Regardless of the ultimate size of the plant decided upon, a more 
definitive assessment of the relative gain or loss to be realized by the 
existence of the geothermal plant must be made on a case-by-case 
basis. 
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ECONOMIC IMPACTS 
As with any economic activity, the injection of dollars into the 
economy will result in direct impacts through the purchases of various 
goods and services from the other industries. In the case of a 
geothermal plant, the dollars injected into the economy may be the 
result of the inflow of investment capital or the dollars prevented from 
being "exported" from the State or the County in the substitution or 
displacement of approximately 390 thousand barrels of petroleum each 
year that would have otherwise been imported into this State for 
conversion into electricity. [ 1] The additional purchases made will, in 
turn, cause these industries to purchase more goods and services from 
other industries. The result is a chain-reaction of purchases, or a 
"multiplier" effect produced by the original increase in purchases. 
The simpliest way to understand the basics of the multiplier effect 
is to consider what would happen if one were given a "brand new 
dollar". It is likely that the person would spend part of it and save 
the rest. Let's say you spent 80¢ of that dollar. For simplicity, 
assume that individuals and businesses were equal entities in their 
economic behavior. If the ratio of . 8 was assumed to remain constant, 
then of the 80¢, 64¢ would be spent and the balance saved. If this 
process were to continue indefinitely until all the money was either 
spent or saved in this proportion, the "injection" of this "brand new 
dollar" would ultimately yield $5.00 in output for our simple economy. 
For the purposes of this preliminary analysis, the State's 1977 
input-output model will be used. [2] This model summarized the 
economic activities of the State at a given moment or period in time, 
providing information on the inter-relationships between all sectors 
within the economy. The analysis will concentrate on the economic 
impacts that may result due to the operation of the geothermal plant. 
It will, for now, disregard the impacts which may occur during the 
construction phases. 
The full measure of these impacts may be offset by the degree to 
which monies used to finance the operations originated locally or 
outside of Hawaii. Additionally, County conditions may not provide 
the opportunities that can be found on Oahu, and as such, the full 
impact of the output generated may not occur. Furthermore, one of 
the major characteristics of the input-output model used to generate 
these multipliers is that it implicitly assumes that the structure of 
Hawaii's economy in terms of the state of technology in 1977 has not 
changed significantly. 
OUTPUT 
The revenue generated by the sale of electricity to its customers 
will increase the gross product of the County, as well as the State. 
If the assumed 25 MW plant yielded approximately 500 megawatt-
hours (M\Vh) per day of electricity[ 3] at an average rate of $0.054 per 
kilowatt-hour (KWh) [ 4], the additional direct revenue would be 
approximately $27,000 per day or $9.9 million annually. This initial or 
direct output should stimulate other sectors within the local economy 
and within the State. These other sectors will increase their output of 
goods and services as a result. Based on the Department of Planning 
and Economic Development's multipliers for the State, a $1.00 increase 
in revenue can potentially increase the total output, i.e. , direct-plus-
indirect-plus-induced, to approximately $1. 70. Therefore, the $9.9 
million in direct annual revenue output could provide a long-run total 
annual output to the State of approximately $16.8 million. 
INCOME (WAGES) TO HOUSEHOLDS 
A 1982 study done for the Department of Planning and Economic 
Development (OPED) indicates that total wage earnings for a 25 MW 
plant will be approximately $560 ,000 per year. [ 5] Based on the 1977 
DPED multipliers, the total impact will be approximately $1.3 million in 
annual incomes to households throughout the State when the full impact 
of the subsequent rounds of economic activity takes place. 
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EMPLOYMENT 
According to the same 1982 study, a 25 MW geothermal plant will 
require approximately 25 employees to operate it. As a result of this 
direct employment, an estimated 57 additional jobs will be created after 
all the repercussions have taken place, both County-wide, as well as 
within the State. 
EVALUATION 
The assessments made thus far are rather rough approximations 
of what might occur. These impacts, especially the total impacts are 
long run in nature. That is, the subsequent indirect and induced 
activities do not take place instantaneously, but requires fairly lengthy 
periods of time for such events to take place, all other things held 
constant. 
The overall assessment is that the assumed 25 MW geothermal 
power plant will have, at best, some economic impact on a State-wide 
and County-wide basis. Depending upon the extent to which the 
assumptions made regarding the inflow and outflow of dollars into the 
State and County economy are accurate, the total impact may vary. 
PUBLIC REVENUE AND COMMUNITY RESOURCE ANALYSIS 
Any economic activity results in certain gains and losses to the 
economy. In particular, an economic activity provides the public 
sector with additional sources of revenues and also increases the 
burden on the available public resources. In order to assess the 
impact of this project, an estimate of the incremental revenues and 
costs needs to be made. For the purposes of this preliminary 
analysis, only those major financial impacts likely to occur as a result 
of this project was considered. Order-of-magnitude estimates of the 
variables in this section were made where data was available and 
considered applicable to the assumed 25 mv geothermal plant case 
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study. The estimation of a revenue-cost ratio was omitted at this 
preliminary stage of analysis. 
For simplicity of analysis, it is assumed that all the employees will 
be brought in from outside the County. This will provide the "worst 
case" situation. Furthermore, it is assumed that a one-to-one 
relationship between employee and household exists. Thus, a total of 
25 households will become the basis of the analysis. Lastly, it is 
assumed that all households will reside within the same district as the 
geothermal site. 
PUBLIC SECTOR REVENUE 
At the County level, three major sources of revenue can be 
addressed in relation to the existence of a geothermal plant. The first 
is property taxes, followed by fuel taxes and sewer charges. 
Property Tax 
\'/hether there will be a net gain or loss in tax revenue due to 
the geothermal plant will be dependent upon the net change in land 
values. Some of the potential factors that may influence the immediate 
and long-term land values are: (1) the existing land use/zoning 
designation, (2) the change in demand for land in contiguous areas 
surrounding the geothermal site, (3) the growth and density of 
population within the immediate community, and ( 4) the development of 
existing and new industries. Based upon the 1982 DPED study, a 20 
to 30 l\1\V plant would be situated on a 20 to 30 acre site. [ 6] Due to 
the size of the plant under consideration in this report and the 
assumption that it will be used for the production of local electricity 
consumption only, property tax revenue is expected to increase, but 
relatively small in magnitude. However, more detailed analysis is 
needed to assess the probable gain or loss to the community and to the 
County in terms of the property tax revenue base. 
Fuel Tax 
The transportation of goods and services to and from the site, as 
well as the commuting of employees, may increase the consumption of 
gasoline and diesel fuel. Any increase in fuel consumption will 
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increase the tax base and the resulting tax revenue. It is unlikely 
that this will be significant, unless the level of on-site activity is high 
and commuting distances are extremely long. 
Sewer Charge 
The additional revenue is not anticipated to be significant for the 
combined on-site and community usage of the local sewer system, 
where such public system exists. 
On a State-wide level, there are three major sources of public 
revenue that deserves treatment. The first is the general excise tax. 
The other is income taxes, both the corporate and the personal. 
General Excise Tax 
The general excise tax is the State's major source of revenue. 
This tax is levied at all levels of financial transactions. The revenue 
generated by the geothermal plant in the form of electricity sales, will 
be taxed at ! of 1%. [ 7] Based on the estimated direct revenue of $9.9 
million, the tax revenue would be about $49,000 annually. However, 
the interpretation of the plant's "public utility" status will ultimately 
determine whether this variable will be substituted for the an alternate 
tax source. [ 8] 
Furthermore, general excise tax revenue will be increased by any 
additional personal consumption that takes place due to wages earned 
or higher wages earned by the plant workers. Taxed at 4% of sales, 
if 45% of gross wages are spent on various goods and services, this 
would yield an estimated average tax revenue due to personal 
consumption of $10,080 per year. [ 9] 
Corporate Income Tax 
The net income 
corporation income tax. 
additional income to the 
of the geothermal 
As such, 5.85% of 
plant is subject to the 
the taxable base will yield 
State. No data on the possible net income is 
currently available to estimate the income from this source. 
Personal Income Tax 
The wages earned are subject to Hawaii's Income Taxes. 
Assuming an average effective tax rate of 6%, the $560,000 in gross 
wages paid to the 25 employees would yield about $38,550 in income tax 
revenues to the State. [10] 
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Royalty Income 
The royalty income under Section 8 of the Department of Land 
and Natural Resources' "Regulations on Leasing of Geothermal 
Resources and Drilling for Geothermal Resources in Hawaii" will 
provide the State with an additional source of revenue for those sites 
on State-owned lands or private lands with State mineral rights 
reservations. [ 11, also includes a brief discussion of potential legal 
issues] These royalties range from a minimum of 10 percent of the 
gross amount or value 
maximum of 20 percent. 
of the geothermal resources produced to a 
In the case of the current HGP-A plant on 
the Island of Hawaii, the royalty rate is set at 10 percent. Assuming 
this 10 percent royalty rate for our scenerio, the estimated gross 
annual revenue of $9.9 million would yield to the State an approximate 
$1 million in annual income. 
COMMUNITY RESOURCE ANALYSIS 
Although the on-site facility will draw upon the community's 
resources, this section will address only the probable impacts that may 
take place due to the increase in population within the immediate 
community or to the County. The principal resources that will be 
analyzed includes: housing, lower education, police and fire. 
Housing 
Each of the 25 households will require housing units. At current 
market prices, these households will probably rent or lease rather than 
purchase. With a tight housing market, the additional households will 
place increasing upward pressure on housing prices. This will be 
especially true in the rental market where the demand is expected to 
be the greatest. 
Lower Education 
At a Statewide average cost per pupil of $2,700 in 1982, the 25 
additional households will possibly increase educational expenditures by 
approximately $62,100 in 1982 dollar terms. [ 12] This figure will cover 
the cost of an additional teacher that will probably be required for the 
estimated 23 school-age children. 
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Police 
Assuming a ratio of 2 sworn police officers per 1, 000 resident 
population, no additional police officers will be required for the 
additional 78 residents.[13] 
Fire 
The additional 78 residents within a community will not require 
additional firemen, assuming a ratio of 2. 2 firemen per 1, 000 popu-
lation. [14] 
EVALUATION 
Based upon the scenerio that all 25 workers are from outside the 
County, the selected sources of revenues to both the County and to 
the State will not be a significant amount, in relative terms as well as 
in absolute ones, due to the size of the plant. However, a more 
precise delineation of the type of plant, in terms of legal organization 
and activities, will be required to determine a more accurate public 
revenue estimate. 
Overall, the impact of the 25 additional households to the 
community will be primarily in the housing market, if all 25 workers 
are from outside the County. The likelihood of this "worst case" 
assumption seems to be fairly small. Thus, it is probable that a part 
of the needed workforce will come from the County and therefore the 
housing impact will not be as great. Other community resources will 
not be affected in a significant manner under the current scenerio. 
ASSESSMENT OF POTENTIAL RESOURCE AREAS 
The following section will highlight the significant aspects of the 
individual geothermal sub-zones under 
seems to be the principal factor that 
consideration. Since housing 
is likely to have an economic 
impact under the existing assumptions and scene rio described above, 
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the discussion will limit its focus on the general housing characteristics 
in the area. The first five zones are on the Island of Hawaii and the 
last two are on the Island of Maui. 
KILAUEA EAST RIFT ZONE, HAWAII 
For the island of Hawaii, the estimated rental vacancy rate is 
estimated to be 14.1% based on the 1980 Census.[15] The homeowner 
vacancy rate equalled 2.5%. In 1980, there was an estimated 1,883 
housing units available for rent. Island-wide, then, there should be a 
sufficient supply of rental housing for the 25 households. However, 
within the Puna district, encompassing the potential Kilauea East Rift 
Zone, [ 16] only 25 housing units were counted as being available for 
rent in 1980. An additional 18 units were for sale. Based upon past 
growth rates in Puna, housing will be tight within the district. 
KILAUEA SOUTHWEST RIFT ZONE, HAWAII 
In the Kau district, encompassing the Kilauea Southwest Rift 
Zone, [ 17] 68 housing units were available for rent and 16 units for 
sale, in 1980. The housing stock within this area should satisfy the 
housing demand of the 25 households should a geothermal plant be 
located within the Kilauea Southwest Rift Zone. 
:YIAUNA LOA NORTHEAST RIFT ZONE, HAWAII 
According to the 1980 Census, the surrounding area had 40 
housing units available for rent and 36 units for sale. [ 18] 
l\IAUNA LOA SOUTHWEST RIFT ZONE, HAWAII 
This sub-zone area lies within the same census tract area as the 
Kilauea Southwest Rift Zone. Thus, the comments made above also 
applies here. 
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HUALALAI NORTHWEST RIFT ZONE, HAWAII 
This region had over 400 rental units vacant during the 1980 
Census. [19] The potential addition of households in this area should 
not pose a significant problem, unless there is a major change in the 
market. 
HALEAKALA SOUTHWEST RIFT ZONE, MAUl 
For the island of Maui, the estimated rental vacancy rate is 
estimated to be 29.1% based on the 1980 Census. [ 20] The homeowner 
vacancy rate equalled 2.1%. In 1980, there was an estimated 1,883 
housing units available for rent. Within the Makawao district, [21] 233 
housing units were counted as being available for rent in 1980. An 
additional 37 units were for sale. If this magnitude of housing stock 
prevails, the impact on the local housing market is not expected to be 
significant. 
IIALEAKALA EAST RIFT ZONE, MAUl 
This sub-zone area has an extremely tight housing market, as of 
the Census date, with no housing units for sale and only 25 rental 
units available for occupancy. [ 22] 
OTHER CONSIDERATIONS 
The assumption that the 20 to 30 MW plant would be used solely 
for the production of electricity for local consumption would be fairly 
accurate for the plant size being considered here. However, direct 
use application of geothermal power in "spa" facilities, agriculture, 
aquaculture, food processing, and other uses, in addition to the use 
of electricity to support alternate industries such as manganese nodule 
processing and the transmission of "excess" electricity to Oahu via an 
undersea transmission cable, in addition to local electricity demand, 
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would increase the plant size requirements, or at least, increase the 
total production capacity of the various geothermal plants to be 
built. [ 23] 
MANGANESE NODULES PROCESSING INDUSTRY 
According to a 1981 study prepared by the Department of 
Planning and Economic Development for the United States Department 
of Commerce, National Oceanic and Atmospheric Administration, a 
manganese nodules processing plant would " ... require a considerable 
amount of energy ... ranging between 25 1\1\V and 350 MW depending on 
the process used and the number of metals recovered ... " [ 24] 
According to this same study, a nodule processing plant would employ 
between 450 to 750 people, of which 50 to 100 would be hired from 
outside the County. Under the Puna 3-metal oil-fired plant scene rio, 
it was estimated that in operation, there would be a total of 
approximately 900 jobs created. Additionally, the total impact on 
personal incomes would be an increase of about $29 million per year for 
the County of Hawaii and approximately $38 million for the State, as a 
whole. The Gross County Product would increase by $535 million, in 
comparison with the Statewide figure of $572 million. 
SUBl\IARINE CABLE TRANSl\IISSION 
The potential for fully utilizing the geothermal resources of 
Hawaii's Kilauea Rift Zone will materialize only if an inter-island 
electrical "grid" system can be established. It is estimated that the 
geothermal resource in this area can provide up to 500 ~.1\V of electrical 
energy for a century. [ 25] However, the electrical demand does not 
reside within the County, but on the Island of Oahu. Should the 
technical problems of such a task as laying over 160 miles of cable at 
depths up to 7, 000 feet be overcome, a 500 MW transmission cable 
could "displace 6.5 million barrels of oil annually, saving as much as 
$195 million, at current prices. [26] 
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OTHER DIRECT USE APPLICATIONS 
Besides using geothermal energy to produce electricity, the heat 
from a geothermal resource can also be applied directly. Within 
existing industries in the State, and most notably for islands with 
developable geothermal resources, direct heat can be utilized within 
the tourism industry for spas. Other applications include: processing 
agricultural products such as sugar cane, vegetable, pineapple 
canning, food drying for coffee, macadamia nuts, and fruits; 
aquaculture activities utilizing lower-temperature heat to maintain an 
optimal growth environment; and the heat requirements of liquor 
distillation. Another application of direct heat may be in the 
desalination of water, which may be a feasible alternative in times of 
"water shortages". In addition, new industries may also find 
geothermal energy attractive--providing for a more diverse economic 
base. 
11\IPACT OF A LARGE SCALE GEOTHERMAL PLANT 
The larger scale plants will have greater impacts, along with 
enhanced benefits to the community-at-large as well as the economy. 
A plant size up to a range of 500 l\1\V will have significant impact upon 
the State, County and local community economies. For such a large 
plant, an estimated $34.8 million would flow into the local economy over 
a 15-year period. [ 27] Upon full operation, a 500-M\V plant would 
provide 185 direct jobs and an estimated $4. 2 million in direct 
wages. [ 28] 
Such a large-scale plant would draw more heavily upon the 
community's resources, as well as that of the State and County. The 
principal areas which would be most affected would be the much 
greater housing demands which would be placed in the local housing 
market. Also, the roadway system would probably require major 
renovations to accommodate the increased population. Additionally, the 
educational system, police and fire facilities, and water and wastewater 
facilities would need improving to meet the increased demands. [ 29] 
-11-
Other facility requirements necessary to support a large scale 
geothermal development would be outside the general responsibility of 
State and Local Governments. The majority of such other facility 
requirements are private sector concerns and will be based upon 
"market forces". Examples of these requirements are: shopping 
centers, banks, garages and service stations, laundries and cleaners, 
etc. [30] 
The ultimate size of the plant has yet to be set. However, based 
upon the review of the current literature and the preliminary analysis 
set forth in this chapter, a plant size up to about 50 MW will probably 
not have significant impacts on the County and State economy, as well 
as on the community's resources. This was also the basic conclusion 
of the 1982 DPED study when it stated that a plant size of up to the 
range of 50 MW, " ... is considered to be too small ... "[31] to generate 
any significant impacts. 
Regardless of the ultimate size of the plant decided upon, a 
site-specific analysis will be required to provide a more definitive 
assessment of the relative economic gain or loss to be realized by the 
existence of the geothermal plant. 
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NOTES 
1. Source: Hawaii Electric Light Company. These estimates were 
provided by Mr. Norman Oss, President of HELCo. For I\laui, the 
same factors would also apply according to Maui Electric 
Company's Chief Engineer, Mr. Tom Sato. A 25 MW geothermal 
plant would produce approximately 500 MWh per day of electricity. 
For every 470 KWh of electricity produced by geothermal, one 
barrel of crude oil can be displaced. Thus, (500, 000 KWh or 500 
MWh)/(470 KWh)x(365 days per year) is equal to 388,298 barrels 
or approximately 390,000 barrels of crude oil displaced per year. 
The average price per barrel of oil varied between $30 for Hawaii 
and $33 for l\1aui. This is due to the difference in the mix 
between diesel and bunker oil. The reduction of oil imports 
would save Hawaii an estimated $11,648,940 to $12,813,834 each 
year. 
2. Source: Department of Planning and Economic Development. 
unpublished 1977 input-output multipliers. The "electricity" 
sector's output, income and employment multipliers were used. 
County-allocated multipliers were presented in the Hawaii 
Integrated Assessment Study, but have not been used in this 
preliminary assessment. 
3. see note #1. 
4. DLNR. Geothermal Resource Develo~ment. 
period of October 1982 to October 1!13, the 
revenue per KWh generated averaged $0.054. 
p. 22. Between the 
HGP-A plant's gross 
5. DPED, Geothermal Power Development in Hawaii, Vol. II, page 
7-11. The 1987 figure of 25 employees and $562,500 was used. 
The total estimated wage earnings was rounded to $560 thousand. 
6. DPED, Geothermal Power Development in Hawaii, Vol. II, page 
6-4 0 11 0 0 0 , a surface land planning factor of lo 0 acre per ~!IV was 
selected ... " 
7. Hawaii Revised Statutes, Sections 237-13(2)(a), 237-13.5 and 
182-16. The tax revenue generated is calculated as follows: 
($9,855,000 annual sales of electricity) x (!of 1%) = $49,275 per 
year. 
8. Should the geothermal plant be classified as a public utility under 
!IRS 269, the gross earnings will be subject to the Public Service 
Company Tax under Chapter 239, HRS, and may also be subject 
to the Franchise Tax under Chapter 240, !IRS. 
9 o The calculation is based on the assumption that 25% of the gross 
wage is withheld for income taxes and FICA. Of the remaining 
75%, 60% of this disposable or spendable income is subsequently 
used for personal consumption expenditures. Thus, the product 
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of 75% and 60% yields 45%. If it is further assumed that the total 
gross wages earned will be $560,000, then $560, OOOx. 45x. 04= 
$10,080 per year. 
10. It is assumed that the average effective tax rate is 6%. Based on 
two workers per household, averaging a combined adjusted gross 
income of $32,600 per year, with a taxable income assumed to be 
80% of the adjusted gross income or $25,700, the annual tax 
revenue is estimated to be $25, 700x. 06x25=$38, 550. 
11. DPED's Geothermal Power Development in Hawaii, Vol. I. See the 
discussion in Section XI, pp. 70-73, and Section XV, pp. 93-94. 
This section contains a summary of the principal issues associated 
with mineral rights and and land ownership. According to the 
study, two principal questions of resource ownership must be 
addressed: ( 1) " ... is a mineral reservation to be implied in some 
or all titles issued without expressed mineral reservations?" and 
(2) " ... are geothermal resources included in mineral reservation 
clauses in grants issued prior to the 1974 amendment?". In 
addition, two broad issues involving surface ownership was 
identified: (1) type of surface deed or conveyance and (2) 
rights of the surface owner in the case which grants resource 
ownership to the State. In each case, the final determination will 
be made within the courts. 
12. Sources include DPED's 1983 Hawaii Data Book, Tables 26 and 88, 
and DPED's Geothermal Power Development in Hawaii, Vol. II. 
The calculations makes the following assumptions: 3.11 persons 
per household and 29.5% under 18 years of age. The average 
household contains an average of .9~ K-12 household member 
(3.11x.295). The total number of K-12 pupils equals .92 pupil 
per household x 25 households. Total incremental· cost to lower 
education is equal to 23 pupils x $2,700 per pupil or $62 ,100. 
13. 3 .11 persons per household x 25 households = 78 persons. The 
ratio of two sworn police officers per 1,000 population was taken 
from DPED's Geothermal Power Development in Hawaii, Vol. II, 
section 7. 4 .1. 
14. ibid. 
15. DPED. 1983 Data Book. Table 539. 
16. This corresponds to Census Tract 211. 
17. This corresponds to Census Tract 212. 
18. This corresponds to Census Tract 210. 
19. This corresponds to Census Tract 215. 
20. DPED. 1983 Data Book. Table 539. 
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21. This corresponds to Census Tract 303. 
22. This corresponds to Census Tract 301. 
23. DPED's Geothermal Power Development in Hawaii, Vol. I. See the 
discussions in Section IV, pp. 25-35, and Section IX, pp. 63-64. 
24. DPED. The Feasibility and Potential Impact of Manganese Nodule 
Processing in the Puna and Kohala Districts of Hawaii. page xix 
of the Executive Summary. See also discussions in Chapter 6, 
especially section 6. 3.1 on pp .155-159. 
25. DPED. Hawaii State Plan: Technical Reference Document. page 
III-46. 
26. DPED. Geothermal Power Development in Hawaii, Vol. I. section 
IX, pp. 
27. DPED. Geothermal Power Development in Hawaii, Vol. II. page 
7-10. 
28. ibid., page 7-12. 
29. ibid., Section 7. 
30. ibid. , page 7-25. 
31. op. cit., page 7-10. 
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PREFACE 
Act 296, Session Laws of Hawaii 1983, as amended by Act 151, 
SLH 1984, requires that the Board of Land and Natural Resources 
examine various factors when designating subzone areas for the 
exploration, development, and production of geothermal resources. 
These factors include potential for production, prospects for 
utilization, geologic hazards, social and environmental impacts, land 
use compatibility, and economic benefits. The Department of Land and 
Natural Resources has prepared a series of reports which addresses 
each of the subzone designation factors. This report analyzes the 
major social impacts associated with geothermal activities within 
potential geothermal areas. 
This report was prepared by Environmental Capital Managers, 
Inc. under the general direction of Manabu Tagomori, Chief Water 
Resources and Flood Control Engineer, Division of Water and land 
Development, Department of Land and Natural Resources. 
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SUMMARY 
This section on the social impact analysis of geothermal resource 
areas gives emphasis to people's perceptions, attitudes, and concerns 
regarding geothermal resource development and operation. Considera-
tions are based primarily on a 20 Megawatt (MW) to 30 MW level of 
geothermal generation of electricity and are based on available public 
information. 
Major sociai 
aspects, lifestyle, 
community input. 
concerns considered are health aspects, noise 
culture and community setting, aesthetics, and 
Also included is a review of the potential geothermal 
areas with respect to these factors of social concern. Two major 
community-wide survey studies mentioned below produced information 
relating to perceptions and concerns about the effects of geothermal 
development. In addition, inputs were made by community and other 
organizations and individuals on various occasions. 
The Puna Community Survey, prepared in 1982 by SMS, Inc. for 
the State Department of Planning and Economic Development and the 
Hawaii County Department of Planning, reported that only one-fifth of 
the total survey respondents felt they had been affected by the 
geothermal wells in Puna, on the Hawaii Island. ~luch about the 
cultural background, beliefs, practices, and lifestyles of the Hawaiian 
residents in Puna was reported and discussed in the survey conducted 
by the Puna Hui Ohana, Assessment of Geothermal Development Impact 
on Aboriginal Hawaiians, with indications that there is a balance of 
respondent's views on the economic benefits of geothermal development 
versus the possible social/lifestyle or environmental costs of such 
development. Several 
existing or ambient air 
emissions. 
major 
quality 
studies were recently completed on 
levels· and proper control of geothermal 
If in the course of time, development considerations expand to 
higher output levels than 20 MIV to 30 MIV electricity production and to 
uses other than electricity generation, comprehensive studies and 
analyses will need to be made on the various social and community 
effects which may occur within a site-specific area. 
vii 
Overall indications are that the elements of major social concerns 
and impacts could be minimized and preservation of quality environment 
could be achieved by proper siting, landscaping and design of plant 
facilities, and careful controls and monitoring of all operations. The 
necessity and desirability of furthering the on-going processes of 
accessing community input from all sectors should be emphasized. 
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SOCIAL CONCERNS, GENERALLY 
Health Aspects 
The health aspects of geothermal resource 
primarily the effects of chemical, particulate, 
development involve 
and trace element 
emissions on the physical 
Hydrogen sulfide CH2S) 
environment and on residents in the vicinity. 
and sulfur dioxide ( so2 ) are the major 
gaseous compounds concerned, but the naturally existing or ambient 
air of the volcanic regions also contains these compounds. The 
technical analyses of air I water quality are treated fully in the 
environmental impact analysis report, but the concerns and 
and attitudes of the residents regarding the health 
perceptions 
aspects of 
geothermal emissions are in the area of social concerns and sociological 
impact. 
Two community-wide survey studies produced information relating 
to perceptions and concerns about the effects of geothermal 
development on elements of physical environment such as air quality. 
A community association in Puna, the Puna Hui Ohana, interviewed 351 
Hawaiian residents in the Puna area, representing 255 families with a 
total population of 928 people, with results prepared in a report, 
Assessment of Geothermal Development Impact on Aboriginal Hawaiians 
(February I, 1982). Among the questions surveyed was the following: 
Question No. 12. "What kind of change would geothermal 
development bring about on the physical environment (noise, air 
quality, visual environment) of Puna?" [ 1] 
Summary of survey results [ 2] : 
Response Frequencies 
(No. of Responses) 
Very Good 10 
Good 16 
Slightly Good 11 
Neither Good Nor Bad 46 
Slightly Bad 56 
Very Bad 114 
A survey study conducted by SMS Research, Inc. for the State 
Department of Planning and Economic Development and the Hawaii 
County Department of Planning, The Puna Community Survey, com-
pleted in April, 1982, interviewed 778 residents in the Puna area and 
among the questions asked was the following: 
Question No. 18 [ 3] : "Have you or members of your household 
been affected by those wells in any way? [Geothermal wells in 
Puna]." 
Only 18% of the respondents answered "yes" and 81% of the 
respondents answered "no", with 1% answering "Don't know". 
Each sub-area of the Puna region showed a different proportion 
of "yes" and "no" responses, as follows [ 4]: 
"yes" "no" "don't know" 
PUNA TOTAL 18% 81% 1% 
Kapoho-Kalapana 43% 57% 0% 
Pahoa 28% 72% 1% 
Subdivisions (between 
Pahoa and Keaau) 14% 85% 1% 
Keaau 4% 95% 1% 
Kurtistown-Volcano 6% 93% 1% 
The 18% who answered "yes" were asked, "In what ways were you 
affected?" [ 5], with mentions of negative effects of "health problems" 
and "smell" as follows: 
Percent of Respondents Perceiving Negative Effects 
Health Problems Smell 
PUNA TOTAL 14% 71% 
Kaphoho-Kalapana 38% 81% 
Pahoa 8% 79% 
Subdivions (between 
Pahoa and Keaau) 13% 58% 
Keaau 0% 50% 
Kurtistown-Volcano 8% 42% 
(Note: percentages in these responses add to more than 
100% because respondents could mention more than one 
type of impact) 
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In addition to the two major survey studies, inputs in terms of 
concerns, perceptions, and opinons were made by community 
associations and other organizations and individuals regarding the 
HGP-A well and the Kahauale'a Conservation District Use Application, 
but in the comprehensive consideration of the physical effects of 
geothermal development and operations on residents' health, the effects 
(and mitigation measures) of these activities on human health over and 
above the effects of natural vdcanic area ambient conditions and over 
and above other ambient effects on health such as mold and fungi 
growth in the area, should be assessed. In the "Puna Speaks" case, 
where HGP-A shutdown was requested by Puna residents, the U.S. 
District Court Judge ruled that the plaintiffs did not prove their case 
in suit as no causation was established between the well emissions and 
alleged maladies. 
Two major sources of information that help answer the questions 
and concerns are: The Revised Environmental Impact Statement for 
the Hawaii Geothermal Research Station Utilizing the HGP-A Well at 
Puna, Island of Haw ali, dated March, 1978 [ 6] and the Revised 
Environmental Impact Statement for the Kahauale'a Project dated June, 
1982 [7]. These contain information and assessment of ambient air 
content and emission effects. In addition, two major recent sources of 
information that help answer the questions and concerns are: 
Environmental Baseline Survey, Kilauea East Rift, Puna and Ka'u 
Districts, County of Hawaii (Progress Report, October 7, 1983) [8], 
prepared for the Hawaii State Deparment of Planning and Economic 
Development by NEA, Inc., in which definitive additional information 
on ambient air composition was obtained; and Evaluation of BACT for 
Air Quality Impact of Potential Geothermal Development in Hawaii, 
January, 1984, prepared for the U.S. Environmental Protection Agency 
by Dames & l\loore. 
In its conclusions on the air quality impact of potential geothermal 
development in Hawaii, the Dames and Moore study reports the 
following, based on the Best Available Control Technology (BACT) for 
emission abatement: 
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"H S, particulate and trace element emission rates were 
all developed from data gathered at HGP-A and assuming the 
emission controls described above. EPA-developed air dis-
persion models were then used to estimate the impact of 
these pollutant emissions on ambient air quality. Based on 
these calculations, potential H2S emissions during normal power plant operations for the tlevelopment scenarios [ 25MW 
and 50MW] described in this report are well below the pro-
posed Hawaii ambient air quality standard (HAAQS) for H2S. However, H2S emissions during well bleeding operations have 
the potential to exceed the proposed HAAQS. This potential 
can be eliminated by developing (and implementing) H2S 
emissions control measures for use during well bleeding or 
by altering the assumed emission release characteristics of 
well bleeding activities. 
"Calculations of potential particulate and trace element 
impacts on ambient air quality were also conducted as part of 
this study. These data indicate that the proposed project 
does not have the potential to exceed applicable ambient air 
quality guidelines for these compounds." [ 9] 
In addition to the above studies, a survey has currently been 
conducted by the Hawaii State Department of Health, on the health 
status of the Puna population exposed to low levels of hydrogen sulfide 
and other geothermal effluents. The study surveyed some 135 
households in the Leilani Estates representing 350 people and a 
"control" group of 179 households in the Hawaiian Beaches Estates, 
representing 604 people, the control population being similar in 
demographic characteristics to but not having the exposure to 
geothermal emissions as the Leilani Estates population. A series of 
close to thirty questions were asked concerning health backgrounds 
and conditions and problems. Survey data are being processed and 
analyzed and as of mid-May; results are expected in about two months. 
Noise Aspects 
Although noise levels associated with geothermal energy 
development and operation are comparable with those of industrial or 
electrical plants of similar size, plant construction and operation in a 
quiet rural area are a potential noise factor to be controlled and 
monitored. In terms of people's perceptions of and concerns with the 
noise factor, in addition to the questions and answers reported in the 
foregoing section on health aspects, where the Puna Hui Ohana asked 
-4-
residents in Puna, "What kind of change would geothermal development 
bring about on the physical environment (noise, air quality, visual 
environment) of Puna", the Sl\lS Puna Community Survey reported on 
the element of noise as a negative impact mentioned by the Puna 
residents surveyed. 
Of the 18% who answered "yes" to the question of whether they or 
their household had been affectd by the wells in Puna in any way, 22% 
mentioned they were affected by "noise". In the Kapoho-Kalapana area 
the percentage mentioning noise was 38%, in Pahoa 22%, in the 
subdivisions between Pahoa and Keaau 16%, in Keaau 0%, and in 
Kurtistown-Volcano 8%. [10] 
In May of 1981, the County of Hawaii Planning Department issued 
a set of Geothermal Noise Level Guidelines to provide proper control 
and monitoring of geothermal-related noise impacts with stricter 
standards than those prevailing for Oahu and state-wide, based on 
lower existing ambient noise levels for the Island of Hawaii. Because 
these guidelines answer directly to the noise concerns, they are 
presented in the following excerpts: 
"In granting Special Permits for the exploration and 
development of geothermal resources in the Puna District, 
the Planning Department and Commission found that there 
were potential adverse impacts to the surrounding area which 
may result from the geothermal operations. Consequently, 
stringent controls and conditions were attached to the res-
pective permits. The Planning Commission assigned the 
Planning Director the primary responsibility for the moni-
toring and enforcing of these conditions. 
"In light of these responsibilities and the numerous 
noise related complaints received from residents of the Puna 
District concerning certain geothermal drilling operations, 
the Planning Department has developed the following guide-
lines to determine acceptable noise levels for both geothermal 
exploration and production. 
"These noise levels are intended to provide the 
Planning Director with the necessary guidance to review and 
assess geothermal operations on a case specific basis to 
determine whether a noise nuisance exists or not. Based on 
this review, should the Planning Director find that the 
acceptable noise levels are being exceeded and that the 
residents are being significantly adversely impacted by that 
noise, he can: (1) invoke more stringent noise mitigative 
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procedures and/or mitigative devices; or (2) cease further 
geothermal activity in accordance with the appropriate pro-
visions of the Special Permits." 
"Guidelines 
In conjunction with the various acceptable 
standards and the factors specifically affecting the 
environment, the Planning Department has developed 
following noise level guidelines for geothermal activities: 
noise 
Puna 
the 
"1. That the acceptable geothermal noise guidelines should 
be at a level which reasonably assures that the 
Environmental Protection Agency and U.S. Department 
of Housing and Urban Development criteria for 
acceptable indoor noise levels can be met." 
"2. That the sound level measurements should take place at 
the affected residential receptors." 
"3. That, in conjunction and appreciation of the other 
guidelines, the acceptable noise levels for geothermal 
development are as follows: 
a. That a general noise level of 55 dBA during 
daytime and 45 dBA at night not be exceeded 
except as allowed under b. For the purposes of 
these guidelines, night is defined as the hours 
7:00 p.m. and 7:00 a.m.; 
b. That the allowable levels for impact noise be 10 
dBA above the generally allowed noise level. 
However, in any event, the generally allowed noise 
level should not be exceeded more than 10% of the 
time within any 20 minute period; 
c. That the noise level guidelines be applied at the 
existing residential receptors which may be 
impacted by the geothermal operation; and 
d. That sound level measurements be conducted using 
standard procedures with sound level meters using 
'A' weighting and 'slow' meter response unless 
otherwise stated. 
"The guidelines for allowable geothermal noise levels are 
intended to provide an interim basis for assessing geothermal 
activities. As more information is obtained and a better 
understanding of both the noise levels and their impacts on 
the environment and the climatic conditions affecting the 
Puna area, these guidelines should be amended." [ 11] 
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Lifestyle, Culture, and Community Setting 
, The lifestyle, culture and community setting or atmosphere of an 
area are very much inter-related and represent a major concern in 
terms cf the effects of any introduced changes, especially when the 
changes may be in the direction of industrial development in a 
relatively rural setting. The Puna area has the most information and 
the input to-date on these aspects in relation to geothermal 
development may for the time being be applicable to an extent to other 
localities. Each community, however, will have its own 
background and perceptions and goals. Each community should 
unique 
in the 
process of considering geothermal resource development contribute its 
own input into the assessments. 
Much about the cultural background, beliefs, practices, and 
lifestyles of the Hawaiian residents in Puna was reported and discussed 
in the survey by the Puna Hui Ohana, Assessment of Geothermal 
Development Impact on Aboriginal Hawaiians. Among many other 
considerations, the study reports the following: 
"Of particular interest in assessing the cultural impact 
of geothermal development is the extent to which the 
Community members engage in traditional subsistence acti-
vities which could be in conflict with geothermal use of the 
land. As attachment 6-8 indicates, there is reported a high 
frequency of such activities with a majority of the sample 
fishing (66%), shoreline collecting (62%) and food gathering 
(59%). The practice of gathering medicinal plants (48%), 
gathering maile (38%) and hunting (38%) are also quite 
common. While these activities are common for family use, 
their frequency for commercial use drops substantially. 
Fishing (11%) is the most common of these activities practiced 
commercially, with shoreline collecting (7%), food gathering 
(5%) and gathering maile (5%) less frequent. Very little 
gathering of medicinal plants (2%) or hunting (1%) is engaged 
in commercially. 
"The reported frequency of a number of traditional 
cultural activities is presented in Attachment 6-9. The most 
frequent of these practicies are the sharing or exchange of 
food (72%), preparation of traditional Hawaiian foods (60%), 
singing of traditional songs (59%), and the use of traditional 
herbs and medicines (56%). While these activities are 
engaged in quite regularly by the Puna Hawaiian Community, 
the use of the Hawaiian language is much less common. 
Attachment 6-10 describes the extent to which the language 
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is reported to be spoken and understood. The most common 
response was that a few words and phrases are spoken (51%) 
or understood ( 42%). Approximately 10% of the respondents 
report fluency in the Hawaiian language, while 5% say they 
do not speak it at all ... 
"The final set of questions on the survey asked for 
respondents' views of a number of traditional Hawaiian 
cultural values. Attachment 6-11 presents the distributions 
of responses to four cultural values in terms of both their 
importance and the frequency with which they appear in 
modern Hawaiian culture. "Aloha," "love of the land," 
"ohana" and "respect for Kupunas" were all considered very 
important and common or very common among modern Puna 
Hawaiians. The agreement in the reponses to these four 
values was larger than for any other cultural characteristic 
assessed by the survey, and reflects a virtual consensus 
among the adult members of the Hawaiian Community of 
Lower Puna. Of particular relevance to the issue of 
geothermal development is the question about "love of the 
land," which 97% of the sample felt important or very 
important and 87% felt to be common or very common. 
"One of the survey questions discussed in the Chapter 
10 on Community attitudes toward geothermal development 
asked respondents how they felt about the quality of life in 
Puna at the present time. Attachment 6-12 presents the 
distribution of responses to this item. On a seven point 
scale from happy to unhappy the large majority responded 
that they were happy with the present quality of life in 
Puna, while only 9. 5% were unhappy and 8. 6% were neither 
happy nor unhappy." [ 12] 
On attitudes towards the effects of geothermal development, the 
survey reported the following: 
"One of the most stable of the findings of the survey 
was that the Hawaiian Community of Lower Puna is quite 
satisfied with the present quality of life in their Community. 
How, then, is the appearance of geothermal development 
perceived by the Community? The second major point of 
agreement among the respondents to the survey was that the 
impact of such development would be 'large' in scale. How-
ever, a consensus about the desirability of these potentially 
large impacts was not so readily apparent. 
"A large number of impacts were perceived as negative 
by the respondents; and only one, economic impact, was 
reported to be clearly positive. Yet the question asking 
about the 'overall' impact of geothermal development in Puna 
produced responses averaging in the "neither good nor bad" 
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middle ground. There seems to be a balancing of the poten-
tial economic benefits of geothermal development with the 
environmental and social costs of development. As indicated 
earlier, the actual situation is not so much one of agreement 
that the effects are 'neither good nor bad' as it is a 
polarization of people at the two ends of the continuum. 
Some people seem to be weighting [Sic] the economic end of 
the balance, while other are weighting [Sic] the environ-
mental and social end. This situation is not unique to the 
Puna Hawaiian Community, and has also been described 
among the residents of Lake County in the Geysers 
geothermal field in California (Vollintine & \Veres, 1976)." 
[13] 
In the SMS study, The Puna Community Survey, respondents 
asked to name the best things about life in Puna today cited a great 
variety of factors, with 49% of the factors or items mentioned being in 
the category of lack of population and development, e. g. country 
atmosphere, rural area, uncrowded, etc. , and 40% of the factors cited 
in the category of physical environment, and 33% of the elements cited 
being in the social/lifestyle factors group. 
The survey also reported that the greatest divergence among 
attitudinal responses was between the Keaau and Kapoho-Kalapana 
planning areas, Keaau residents being the most concerned with 
economic development and jobs while Kapoho-Kalapana respondents were 
"suspicious of it". This was analysed in the report to be a function 
of the uncertainties and anxieties among Keaau residents concerning 
the closing down of Puna Sugar Plantation, whereas Kapoho-Kalapana's 
current rural character would be more affected by geothermal-related 
activities. [ 14] 
Consideration of lifestyles, culture, and community setting should 
include the factors of the multi-ethnic background of residents in 
these communities, the relative lack of magnitude of impact from the 
beginning phase of 20 ~legawatt (MW) to 30 MW geothermal plant size, 
and the trade-off choices, if and when development should increase in 
scale, between the benefits of economics in the area and attendant 
raising of standards of living and educational opportunities, versus the 
costs of lifestyle and community changes. It may be possible that with 
careful consideration and intelligent input and planning, a favorable 
composite of these elements could be achieved and retained. 
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Aesthetic 
Although in some areas with potential geothermal resource 
development the plant installation may be relatively unobtrusive--where 
scenic view corridors are not damaged in the eye of nearby or 
medium-distanced residents and visitors--consideration of aesthetic 
aspects should include careful siting, tasteful design, and effective 
landscaping. 
The SMS study mentioned before, The Puna Community Survey, 
reported that of the negative impacts perceived relating to the 
geothermal well, 5% felt that it "looks bad". The area respondents 
with the greatest percentage of citing of the aesthetic aspect were 
Keaau residents, with 25% of the factors mentioned being under the 
category of negative appearance. [ 15] 
Techniques of preserving aesthetic aspects of the landscape and 
natural vistas include attractive design, painting of structures and 
towers and plants with colors to blend in with the natural setting. 
A 20 MW to 30 MW plant complex might be given attention and care as 
a design model for any future expansion that may be considered 
desirable. 
Community Input 
Various channels and methods of community input are involved in 
the preliminary as well as future process of geothermal resource 
development evaluation and actualization. The community surveys by 
the Puna Hui Ohana and by SMS Research, Inc. for the State 
Department of Planning and Economic Development involved not only 
resident response, but also involved, in the Puna Hui Ohana survey, 
the work of many residents in formulating the survey, in conducting 
the survey, and in analysing and reporting the results. 
In a study of geothermal socio-economic issues in the Hawaii 
Energy Resource Overviews, Volume 5, The Social and Economic 
Impacts of Geothermal Development in Hawaii., Dr. Penelope A. Canan, 
Assistant Professor of Sociology and Urban and Regional Planning at 
the University of Hawaii, suggested and discussed theoretical social 
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impact assessment and management models, the use of multi-disciplinary 
groups, "objective" and "subjective" social indicators, the inclusion of 
the planning process in community process models, and the 
prerequisite of site specification in social impacts assessment. [16] 
Public informational meetings held by the State Department of 
Land and Natural Resources on May 8 and 9, 1984, and on May 29 and 
30, 1984 on the Islands of Hawaii and Maui, encourage public 
participation, so that the planning process may include, in the 
preliminary stage as well as later on in the process, as much input as 
possible from the public. 
Other sources and channels of community input include the 
planning processes, goals, objectives and development policies 
formulated and adopted in community plans that become a part of the 
County General Plans and the State General Plan and its input 
processes, as well as policies brought forth by representatives of 
people and communities in the State Legislature. 
ASSESSMENT OF POTENTIAL RESOURCE AREAS 
Social Impact Factors 
Depending on the geographic location of the 20 MIV to 30 MIV 
geothermal operation, social concern factors may have varying 
significance. Possible social factors for consideration in geothermal 
area assessments are shown in Table I. Current population magnitudes 
and selected socio-economic characteristics of communities in or near 
the geothermal resource areas are referenced in Table 2A and Table 
2B. Relatively significant social factors in terms of their possible 
effects are highlighted in the following seven potential geothermal 
resource areas, of which five are on the Island of Hawaii and two are 
on the Island of Maui. 
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Table 1. POSSIBLE SOCIAL FACTORS FOR CONSIDERATION 
IN GEOTHERMAL RESOURCE AREAS 
Geothermal Resource Area 
HAWAII ISLAND 
l. Kilauea East Rift Zone 
2. Kilauea Southwest Rift Zone 
3. Mauna Loa Northeast Rift Zone 
4. Mauna Loa Southwest Rift Zone 
5. Hualalai Northwest Rift Zone 
~JAUI ISLAND 
6. Haleakala Southwest Rift Zone 
7. Heleakala East Rift Zone 
Health 
Noise 
X 
X 
X 
X 
X 
X 
X 
Lifestyle 
Culture 
Community 
XX 
XX 
X 
XX 
XX 
XX 
XX 
Aesthetic 
(Natural 
Beauty) 
X 
X 
X 
X 
X 
X 
X 
Source/Notation: Prepared for this report on potential geothermal 
resource areas based on social factors considered in this section, 
and given the 20 MW to 30 MW geothermal electricity production 
level, with no site specifics or locations within overall potential 
geothermal areas except for the HGP-A plant and the proposed 
Kahauale'a project in Puna in the Kilauea East Rift Zone area. X 
marks where factor may be significant in its potential effects; XX 
marks where factor may be relatively more significant in its 
potential effects for consideration. 
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Table 2A. HAWAII ISLAND SELECTED COMMUNITIES, 1980 Census 
Puna Kau ~orth Kona 
Census Census Census 
Tract Tract Census Census Tract 
210 211 Tract Tract 216 
(Upper Puna) (Lower Puna) 212 215 (Kailua) 
Resident 
Population 7,055 4,696 3,699 7,610 6,138 
Households 2,381 1,450 1,108 2,525 2,077 
~ledian Age 
of Population 30.2 27.3 29.8 29.1 28.5 
Family Income 
(in 1979): 
Median $18,015 $13,843 $17,555 $22,261 $20,000 
Mean $28,075 $17,632 $18,412 $26,934 $22,400 
Table 2B. MAUl ISLAND SELECTED COMMUNITIES, 1980 Census 
Kula7Makena Kihei Han a 
Census Census Census Census 
Tract Tract Tract Tract 
303.01* 303.02** 307 301 
Resident 
Population 3,850 1,277 6,020 1,423 
Households 1,317 474 2,103 435 
Median Age of 
Population 30.7 33.4 29.1 28.0 
Family Income: 
Median $25,850 $26,571 $22,049 $16,906 
Mean $28,161 $34,917 $24,788 $17,570 
Source: 1980 U.S. Census of Population and Housing, 
Census Tracts, Hawaii Selected Areas. PHC 80-2-13. 
• Upper Kula 
** Makena 
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Kilauea East Rift Zone, Hawaii 
In this area on the Island of Hawaii, the primary significant 
factor would be in terms of lifestyle, culture, and community setting 
as they are experienced in Puna, although given the level of 
geothermal operation of 20 MW to 30 MW electricity production, with an 
addition of some 25 workers involved directly (and brought in from the 
outside) as estimated in the economic assessment section, the potential 
effects should not be great. (The Upper Puna area had a count of 
7,055 residents in 2,381 households, and the Lower Puna area had a 
count of 4, 696 residents in I, 450 households in the 1980 U.S. Census.) 
As discussed in the economic assessment, the housing situation may be 
somewhat affected; and the small magnitude of change in lifestyle and 
social inter-action that may be brought about by new residents may be 
a small part of the lifestyle, culture and community and traffic changes 
already taking place in the area as a result of the influx of new 
residents in recent years. Although air and water quality and noise 
factors should be considered, they could be controlled and monitored; 
also important is the preservation of natural beauty and aesthetics, 
which could be achieved by well-planned siting, landscaping, and 
well-designed plant architecture. 
Kilauea Southwest Rift Zone, Hawaii 
In this area on the Island of Hawaii, the primary significant social 
factor would be in terms of lifestyle, culture, and community setting 
as they are experienced by the people in Ka'u, although given the 
level of geothermal operation of 20 ~1\V to 30 MW, the potential effects 
should not be great. 
The Ka'u district had a count of 3, 699 residents and 1,180 house-
holds in the 1980 U.S. Census. In the economic assessment the 
housing stock in this area is estimated to be sufficient to satisfy the 
housing demand resulting from a 20 MW to 30 l\IW geothermal plant 
being located within the district. The health and noise factors are 
important depending on where in the region a plant is located, but as 
discussed before, the air/water quality and the noise factor should be 
controlled and monitored. A portion of Ka'u is encompassed by the 
Hawaii 
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Volcanoes National Park, and the preservation of natural heritage and 
natural beauty is an important factor. Good aesthetics may be achieved 
by well planned siting, landscaping, and well designed plant 
architecture for geothermal activities nearby. 
Mauna Loa Northeast Rift Zone, Hawaii 
This zone encompasses primarily the people in the Upper Puna 
area, whose lifestyle and community setting may be somewhat less rural 
than that of the coastal Puna area, with a signficant portion of the 
residents having jobs in Hilo and vicinity. The air/water quality, 
noise factor, and aesthetics should, as mentioned before, be controlled 
and monitored. 
Mauna Loa Southwest Rift Zone, Hawaii 
This zone encompasses the southern portion of the Ka'u area, 
with generally similar factors for social consideration as discussed in 
the section the Kilauea Southwest Rift Zone. 
Hualalai Northwest Rift Zone, Hawaii 
In this area on the Island of Hawaii the primary significant social 
factor may be in terms of lifestyle, culture, and community setting as 
they are experienced by the people of North Kona, although this area 
has experienced much growth in recent years and is exposed to the 
presence of resort operations and the influx of visitors from 
metropolitan areas in many parts of the world. In 1980 Kailua, Kona 
had a count of 6,138 residents, with 2 ,077 households, and the rest of 
the North Kona area had a count of 7, 610 residents, with 2, 525 
households. In the economic assessment of geothermal activities in this 
rift zone, the potential increase of households should not pose a 
significant problem barring any major change in the housing market. 
The elements of air/water quality, noise, and aesthetics are all 
important considerations for this area. The preservation of a quality 
environment should be achievable by careful control and monitoring of 
any emissions, effluents and noise, and with well planned siting, 
landscaping, and well designed plant complexes. 
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Haleakala Southwest Rift Zone, Maui 
This rift zone encompasses a portion of the coastal Makena area of 
southwest Maui Island and a portion of the upper Kula area 
(Ulupalakua). The l\lakena area had a count of 1,277 residents with 
4 7 4 households, with the of the Upper Kula area reporting 3, 850 
residents and l, 317 households in the 1980 U.S. Census. Recent resort 
development has occurred in the Kihei-Makena coastal area, introducing 
additional lifestyle and cultural elements into the general area. The 
potential effects on lifestyle, culture, and community introduced by 
geothermal production activities should be considered but in terms of a 
20 l\1W to 30 MW level should not be great. The control and monitoring 
of air/water quality and noise elements should be achievable. The 
preservation of the natural scenic beauty of the area, especially 
Upper Kula, should be a significant consideration and may be 
achievable by careful site selection, landscaping and aesthetic facility 
designs. 
Haleakala East Rift Zone, l\laui 
The community of Hana is in this rift zone in east Maui, with a 
1980 U.S. Census count of 1,423 residents and 435 households. This 
community is rural/pastoral with agricultural and resort lifestyles, and 
the primary significant social impact may 
culture, and community setting. Given 
operation of a 20 MW to 30 l\1W plant, there 
be in terrris of lifestyle, 
the level of geothermal 
may be an impact. With a 
potential addition of some 25 geothermal workers, there may occur a 
shortage of housing units in the area. Depending on where in the 
region a geothermal plant might be located, the control and monitoring 
of air and water quality and noise elements would be significant. The 
preservation of natural beauty in this area would be an important 
consideration. Some preliminary environmental baseline studies are 
being made for the Haleakala East Rift Zone area. 
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ADDITIONAL CONSIDERATIONS 
It has been assumed that a geothermal plant would produce 20 MW 
to 30 lVIW of electricity. If in the course of time, development 
considerations expand to higher levels of output, with site-specific 
locations, further comprehensive and detailed studies and analyses of 
specific long-term and large-magnitude impacts will need to be made. 
Direct-use application of geothermal power such as in food processing, 
desalination process, and for spas and other uses may aid in 
diversifying the activities base of the communities and stimulating 
diversified agriculture and aquaculture. 
In a study by the State Department of Planning and Economic 
Development and the U.S. Department of Commerce, National Oceanic 
and Atmospheric Administration, The Feasibility and Potential Impact of 
Managanese Nodule Processing in the Puna and Kohala Districts of 
Hawaii, it was pointed out that one of the likely eventual social impacts 
of such industrial activity would be better schooling, with eventual 
improvements in social services and community facilities. The study 
also pointed out that efforts to mitigate the impacts of any industrial 
development in a rural area may not altogether prevent a minimal 
deterioration of the natural environment, with increased traffic and 
more congestion, possibly with less social cohesion. However, the 
study also pointed out that it is possible that less social cohesion may 
be desirable for facilitation of community and economic progress; also 
that on the other hand community social and economic progress may be '" 
enhanced and increased, with high-technology jobs serving to keep the 
technically educated young workers from having to leave Hawaii in 
search of employment, thus helping to keep families together and to 
increase social cohesion [17] . 
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PREFACE 
The Board of Land and Natural Resources is charged with the 
responsibility of designating geothermal 
of Hawaii under authority of Act 296, 
June 14, 1983 by Governor George R. 
resource subzones in the State 
SLH 1983, signed into law on 
Ariyoshi. 
including 
Once subzones are 
all geothermal activities the established, 
development, and production of electrical energy may 
exploration, 
be conducted 
only in the designated geothermal resource subzones. 
The objective of this report is to provide information to the Board 
of Land and Natural Resources so that it may designate geothermal 
resource sub zones in the State of Hawaii as prescribed in Act 296. To 
the extent provided by Act 296, SLH 1983, all existing statutes, 
ordinances, and rules are to be respected and are not superseded by 
this effort. 
The State of Hawaii was assessed for geothermal resource potential 
and an estimate was made for each island and presented on a 
county-by-county basis as provided by Act 296, SLH 1983. The 
various studies were prepared using currently available public 
information. The existing information was examined and 
into technical reports, where applicable and relevant. 
represents a compilation of the various technical reports. 
incorporated 
This report 
Department of Land and Natural Resources 
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EXECUTIVE SUM~IARY 
Background-
Act 296, SLH 1983, designated the Board of Land and Natural 
Resources with the responsibility for designating geothermal resource 
subzones in the State of Hawaii. The Chairperson assigned the sub-
zone task to the Division of Water and Land Development and 
designated the office of the Deputy to the Chairperson to coordinate 
Departmental activities. The Division of Land ~lanagement was 
designated to provide assistance in the area of leasing of state 
geothermal resources and the Department's Planning Office was 
designated to assist in matters dealing with conservation land use 
districts. Other Divisions were asked to provide staff assistance as 
appropriate. 
The Division of Water and Land Development began work soon 
after Governor Ariyoshi signed Act 296, SLII 1983, into law on June 
14, 1983. A Plan of Study was completed outlining the designation 
strategy. The principle elements of this strategy included a literature 
review of available information, assessoent of geothermal resources in 
the State, the identification of potential geothermal resource areas for 
electrical power generation, examination of impact analysis of social, 
economic, environmental, geologic hazard factors, and compatibility 
with land uses. Included in the designation process was a public 
information and participation effort by the Department's staff to obtain 
·community concerns. Several public information meetings were held in 
the areas most likely to be affected by geothermal resource 
developments. A departmental target for completing the initial 
designation of geothermal resource sub zones was set at December 1984. 
The Legislature in mandating the subzone effort by the Depart-
ment of Land and Natural Resources did not provide any financial and 
manpower resources. The shortcomings, however, was relieved by the 
State Department of Planning and Economic Development who provided 
funds to the Department for temporary hires and for necessary 
supporting services for the project. The Department sought and 
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obtained the assistance of organizations including federal, state, and 
county agencies. The acknowledgments listed in other parts of this 
report list the many organizations and agencies who participated in 
this effort. 
During the assessment process, the 1984 State Legislature enacted 
Act 151, SLH 1984, amending Act 296, SLH 1983. A significant amend-
ment related to the grandfathering of two sites in Puna, Hawaii where 
existing exploration for geothermal resources has been underway since 
early 1981. 
Conclusions 
The assessment of Hawaii's geothermal resources involved the 
analysis of available scientific information. To initiate this activity the 
Department enlisted the help of a technical committee comprised of 
scientists in fields of geophysics, geochemistry, geology, engineering 
and hydrology. This committee conducted a county-by-county 
assessment of Hawaii's potential geothermal areas based on currently 
available 
identified 
geotechnical 
and studied. 
information. Twenty separate areas were 
Of these, seven areas were identified and 
mapped as having high temperature geothermal resources of 125 degree 
celsius or 257 degree fahrenheit at depths less than 3 kilometers or 
9840 feet. Five areas are located on the island of Hawaii and two on 
Maui. Five other areas in the State were identified as having low 
temperature geothermal resources of less than 125 degree celsius. 
These areas are located on the islands of Hawaii, Maui and Oahu. 
Examination of the seven areas relative to social, economic, 
environmental, geologic hazards, and compatibility with land uses 
reveal several impacts that may result from the exploration, 
development and production of geothermal resources for electrical 
power generation. Weighting of the assessment criteria was based 
upon an acceptable balance between the factors set forth in Act 296, 
SLH 1983. 
Considered also in the evaluation of impacts was the provisions of 
Chapter 226, the Hawaii State Planning Act. The statutory objective, 
"increased energy self-sufficiency" anrl statutory policies "accelerate 
X 
research development and use of new energy sources" and "promote 
the use of new energy sources" were considered. Additionally, the 
State Energy Plan developed as one of the Hawaii State Planning Act's 
twelve Functional Plans specifies the need to develop alternate energy 
resources, including direct solar energy; indirect solar energy such as 
wind, hydropower potentials, biomass, and ocean thermal differences; 
and geothermal energy. 
After evaluating the seven potential geothermal resource areas on 
the basis of resource availability, prospects for utilization and 
examining the social, environmental, economic, geologic hazards, 
compatibility with land use, in addition to the statutory State energy 
objectives and policies, the following sites were determined as 
deserving consideration for 
subzones by the Board of Land 
designation 
and Natural 
Kilauea Lower East Rift, Hawaii 
Kilauea Upper East Rift, Hawaii 
Haleakala Southwest Rift, Maui 
as geothermal 
Resources: 
resource 
The above areas have the following common desirable elements for 
the exploration, development, and production of geothermal resource 
energy: 
* potential for developing geothermal resources. 
* interest in exploration, development and production of geothermal 
resource energy. 
* commitment towards geothermal resource energy as a viable alter-
nate energy source for Hawaii. 
* advanced technology in geothermal resource development, such as 
emission control systems, noise control systems, well and power 
plant designs, and safety provisions from lava flows, reduces the 
concerns for public health and safety. 
* potential degradation to the environment has been fully inves-
tigated and mitigation measures considered. 
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Recommendation 
That the Board of Land and Natural Resources designate the 
Kilauea Lower East Rift, Island of Hawaii, Kilauea Upper East Rift, 
Island of Hawaii, and the Haleakala Southwest Rift, Island of Maui as 
geothermal resource sub zones. 
A description of the areas follows: 
Kilauea Lower East Rift, Island of Hawaii 
The area shown in Figures 1 and 2 identifies two separate 
sites--the Kapoho section and the Kamaili section. The probability of 
locating high temperature geothermal resources is estimated to be 
greater than 90 percent and the prospect for development and produc-
tion of electrical energy is good. Relatively recent volcanic flows in 
the 1950's and 1960's indicate the availability of geothermal resources 
in the area. Active exploration and development currently underway 
also attest to the availability of geothermal resources. 
The Kapoho Section, approximately 5939 acres lies adjacent to two 
subzones established by the Legislature in Act 151, SLH 1984. The 
extreme eastern end of the proposed Kapoho section is zoned as 
conservation due to relatively recent lava flows with the rest of the 
area zoned as agriculture. The northern boundary is buffered by a 
2000-foot area where sensitive forest areas are located. The western 
end abuts Leilani Estates, a sparsely populated 
southern boundary generally follows the 90 
probability line. 
subdivision. The 
percent resource 
The area includes 279 acres of an existing Geothermal Resource 
Mining Lease R-4 issued to Puna Geothermal Venture. 
The existing subzones are identified by Geothermal Resource 
Mining Lease R-2 issued by the Department of Land and Natural 
Resources for approximately 816 acres to Kapoho Land Partnership, 
subleased to Puna Geothermal Venture (Thermal Power Company, 
Dillingham, Inc. and Amfac) and Geothermal Resource Mining Lease R-3 
issued to Barnwell Geothermal Corporation by the Department of Land 
and Natural Resources for approximately 769 acres. The two subzones 
are zoned agriculture by the State Land Use Commission. 
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The Kamaili Section comprised of 5519 acres, is entirely located in 
"' agricultural zoned lands. A Natural Area Reserve Syster.1 (NARS) is 
located west of the area and Leilani Estates lie to the east. The 90 
percent probability line is to the south. A 2000-foot buffer area has 
been provided to separate the NARS area from the proposed Kamaili 
Section. Also, the conservation district lands lying to the southeast 
having high quality native forest serve to buffer a portion of the 
proposed Kamaili area from Leilani Estates. 
Kilauea Upper East Rift, Island of Hawaii 
This area of approximately 5300 acres shown in Figure 3 has a 90 
percent or greater probability of locating high temperature geothermal 
resources and the prospect of utilizing the resource is good. 
Impacts expected to be encountered include the proximity to the 
Kilauea Volcanoes National Park to the west and the Natural Area 
Reserve System designation to the east. Additionally, the endangered 
bird O'u has been identified to habitat the area and high quality 
native forest are located north of the rift zone. Other impacts include 
scenic and aesthetic values, air quality, employment and housing 
needs. 
Since early 1983, intermittent volcanic activity centered at Puu 0 
has been taking place in the proposed subzone area. The location of 
geothermal wells and power plants should be carefully sited on older or 
recently cooled lava flows. When the current eruption activity has 
ceased, drilling and construction can take place at the risk of the 
developers. 
The area includes the Board of Land and Natural Resources 
authorization for a Conservation District Use Application to the Estate 
of James Campbell for the exploration of geothermal resources. 
In consideration of mitigating the significant impacts expected to 
be encountered, the proposed area provides for a 2000-foot buffer 
zone to both the Volcanoes National Park and the Wao Kele 0 Puna 
Natural Area Reserve. The proposed subzone area includes only a 
small portion of the natural forest and encroachment has been 
minimized to concentrate development activities towards the rift or 
xiii 
volcanic flow areas. By limiting the range of the northern boundary, 
75% of the potential resource area remains protected and maintained as 
high-quality native forest. 
Other potential impacts may be mitigated by subsequent State and 
County permitting processes on a case-by-case basis. 
Haleakala Southwest Rift, Island of Maui 
The area covering 4154 acres shown in Figure 4 has a 25 percent 
probability of locating geothermal resources. It appears to offer the 
best site on Maui and the prospect for utilizing the resources is good. 
Impacts expected are to scenic and aesthetic values; including 
noise, lifestyle, culture and community setting, air quality, employment 
and housing needs. 
These impacts may be mitigated through subsequent State and 
County permitting processes on a case-by-case basis. 
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INTRODUCTION 
Act 296, SLH 1983, relating to geothermal energy was signed into 
law on June 14, 1983 by Governor George R. Ariyoshi. The 
legislature found that the development and exploration of Hawaii's 
geothermal resources is of statewide concern, and that this interest 
must be balanced with interests in preserving Hawaii's unique social 
and natural environment. The purpose of this Act is to provide a 
policy that will assist in the location of geothermal resources 
development in areas of the lowest potential environmental impact. 
The Board of Land and Natural Resources is charged with the 
responsibility of designating geothermal resource subzones in the 
State. Once the subzones are established, all geothermal development 
activities may be conducted only in these designated subzones. 
Pursuant to the provisions of HRS Chapter 205-5.2(a)-(c), this report 
was prepared to assess currently available information relating to the 
existence and the impacts of geothermal resources in Hawaii. 
This report presents a county-by-county assessment of potential 
geothermal resource areas. The report is divided into the following 
sections: legal authority, statewide assessment of geothermal 
resources, geothermal technology, assessment factors, community 
concerns, evaluation of impacts on potential geothermal resource areas, 
conclusions on potential geothermal resource areas, and recommended 
sub zones. 
LEGAL AUTHORITY 
Introduction 
Act 296, SLH 1983, relating to geothermal energy, is the basis 
for this effort. This Act charges that the Board of Land and Natural 
Resources designate geothermal subzones. Section 3 of this Act 
requires the Board to 11 adopt, amend, or repeal rules related to its 
authority to designate and regulate the use of geothermal resource 
subzones in the manner provided under chapter 91. 11 This mandate is 
provided for under Title 13, Chapter 184, "Designation and Regulation 
of Geothermal Resource Subzones" of the Department of Land and 
Natural Resources' Rules and Regulations. Finally, Act 151, SLH 
1984, clarified various aspects of existing 
activities within the State and the roles 
governments. 
geothermal 
of State 
development 
and County 
Act 296, Session Laws of Hawaii 1983 
Act 296, SLH 1983, relating to geothermal energy was signed into 
law on June 14, 1983 by Governor George R. Ariyoshi. 
The Board of Land and Natural Resources is charged with the 
responsibility of designating geothermal resource subzones in the State 
of Hawaii. Once sub zones are established, all geothermal activities 
including the exploration, development, and production of electrical 
energy may be conducted only in the designated geothermal resource 
subzones. 
* 
* 
* 
* 
* 
* 
Some of the highlights of Act 296, SLH 1983 include: 
Provides for the designation of Geothermal Resource Subzones in 
each of the four State land use districts--conservation, 
agriculture, urban, and rural. 
The Board of Land and Natural Resources is charged with the 
responsibility of designating geothermal resource subzones. 
The Board of Land and Natural Resources shall adopt 
administrative rules to designate geothermal resource sub zones. 
The administration of the use of sub zones for exploration, 
development, production and/or distribution of electrical energy 
shall be governed as follows: 
* BLNR for conservation districts. 
* Existing State and County laws for agriculture, urban, 
and rural districts. 
No Land Use Commission approval is necessary for the use of 
sub zones. 
Provides for contested case hearing. Upon request, the hearing 
~hall be conducted by the BLNR or County agency prior to the 
1ssuance of a geothermal resource permit. 
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* 
* 
* 
Any property owner may petition the BLNR to have an area 
designated as a geothermal resource subzone. 
An EIS is not required for the assessment of areas. 
The BLNR beginning in 1983 shall conduct a county-by-county 
assessment of potential geothermal resource development areas. 
The assessment shall be revised or updated at the discretion of 
the BLNR once every 5 years beginning in 1988. 
Pursuant to the provisions of Act 296, SLH 1983, a 
county-by-county assessment of areas with geothermal potential for the 
purpose of designating geothermal subzones was made. This report 
addresses the various factors as given below: 
1. The area's potential for the production of geothermal energy; 
2. The prospects for the utilization of geothermal energy in the 
area; 
3. The geologic hazards that potential geothermal projects would 
encounter; 
4. Social and environmental impacts; 
5. The compatibility of geothermal development and potential 
related industries with present uses of surrounding land and 
those uses permitted under the general plan or land use 
policies of the county in which the area is located; 
6. The potential economic benefits to be derived from geothermal 
development and potential related industries; and 
7. The compatibility of geothermal development and potential 
related industries with the uses permitted under sections 
183-41 and 205-2, where the area falls within a conservation 
district. 
In addition, the board shall consider, if applicable, objectives, 
policies and guidelines set forth in part I of chapter 205A, and 
the provisions of chapter 226. 
Title 13, Chapter 184 
In accordance with Chapters 91 and 205, Hawaii Revised Statutes, 
and Act 296, SLH 1983, public hearings on the "Proposed Rules for 
the Designation and Regulation of Geothermal Resource Subzones" were 
held on May 22, 1984, on all islands by the State Department of Land 
and Natural Resources. 
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These proposed rules, formally adopted on July 13, 1984, 
describe the procedure for initiating the designation of sub zones, 
establishing criteria, providing for the modification and withdrawal of 
existing sub zones, and providing for the regulation of geothermal 
resource subzones. 
Act 151, Session Laws of Hawaii 1984 
On May 25, 1984, Act 151, SLH 1984, was signed into law by 
Governor George R. Ariyoshi. This Act clarifies the rights of existing 
lessees holding geothermal mining leases issued by the State or 
geothermal developers holding exploratory and/ or development permits 
from either the State or County governments. Act 151, SLH 1984, also 
clarifies the respective roles of the State and County governments in 
connection with the control of geothermal development within 
geothermal resource subzones. 
Some of the highlights of Act 151, SLH 1984, include: 
* 
* 
* 
* 
* 
* 
Permits geothermal development activities within urban, rural, 
agricultural, and conservation land use districts. 
Defines geothermal development as "the exploration, 
development or production of electrical energy from geothermal 
resources." 
Existing leases within an agricultural district which were 
issued a special use permit by the County for geothermal 
development activities, is declared a geothermal resource 
subzone for the duration of the lease. 
Clarifies the governing jurisdiction of the State and County 
governments in the geothermal development approval process, 
and also exempts the permit process from special use permit 
procedures under section 205-6. 
Clarifies the issuing County agency by defining "appropriate 
county authority" as the "county planning commission unless 
some other agency or body is designated by ordinance of the 
county council." 
Further clarifies the roles 
governments in connection with 
as conduct of a permit approval 
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of the State and County 
land use designations, as well 
process. 
* Mandates that the county authority, in the absence of a 
mutually agreed upon extension, must provide a decision on a 
complete and properly filed application within 6 months. 
STATEWIDE ASSESSMENT OF GEOTHERMAL RESOURCES 
Basis of Assessment 
A Geothermal Resource Technical Committee, selected by the 
Department of Land and Natural Resources on the basis of their 
specific expertise, examined each area's potential for the production of 
geothermal energy and the prospects for the utilization of geothermal 
energy in the area. Due to the complexity of Hawaii's geologic 
structure and the variable nature of ground-water hydrology and 
geochemistry, the committee did not rely on just one set of data or a 
single set of rules. The assessment of potential for each island was 
based on a qualitative interpretation of several regional surveys 
conducted in Hawaii during the last 15 to 20 years. It was further 
noted that the use of probability ranges was more appropriate in 
assessing geothermal resource, in that probabilities, would be more 
precise than other subjective wording. A map of the locations examined 
is provided at the end of this section. 
The committee's assessment was based on the following types of 
geological, geophysical and geochemical data: 
1. Groundwater temperature data. Near surface water having 
temperatures significantly above ambient, indicative of a 
possible nearby geothermal reservoir. 
2. Geologic age. Recent eruptive activity and the evidence of 
surface features such as rift zones, calderas, vents and 
active fumaroles . 
3. Geochemistry. Groundwater having geochemical anomalies 
related to the interaction between high temperature rock and 
water. Some of the indicators of thermally altered 
ground water are anomalously high silica(Si02), chloride(Cl), 
and magnesium(Mg) concentrations. In addition, the evidence 
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4. 
5. 
6. 
7. 
8. 
9. 
10. 
of above normal concentrations of trace and volatile elements 
such as mercury(Hg) and radon(Rn) may indicate leakage of 
geothermal fluids into nearby rock structures. 
Resistivity. The electrical resistivity of the subsurface rock 
formatwn is affected by the salt content and temperature of 
ground water. Therefore, rocks saturated with warm saline 
ground water have lower resistivities than rocks saturated 
with colder ground water. 
Infrared surveys. Infrared studies of land surface and coastal 
ocean water can identify thermal spring discharges and above 
ambient ground temperatures. 
Seismic. Seismic monitoring of the frequency and clustering of 
earthquakes can identify earthquake concentrations that may 
be related to geothermal systems. 
Magnetics. Aeromagnetic surveys have identified magnetic 
anomalies associated with buried rift zones and calderas. 
Also, rocks at high temperature or those that have been 
thermally altered have substantially lower magnetism than 
normal rock strata. 
Gravity. Gravity surveys can provide information on the 
locatlon of subsurface structural features such as dense 
intrusive bodies and dike zones. 
Exflloratory drilling. Data acquired from deep exploratory 
we s can confirm the existence of high temperatures and 
determine if there is adequate permeability necessary for 
development. 
Self potential. Self potential anomalies (natural voltages at 
the earth's surface) have been found to be highly correlated 
with subsurface thermal anomalies along the Kilauea east rift. 
Hawaii County 
Upon evaluation of currently available geotechnical data, the 
Geothermal Resource Technical Committee identified nine locations on 
the Island of Hawaii and assigned a percent probability of finding low 
temperature (less than 125°C) resources and high temperature (greater 
than l25°C) resources at depths less than 3 kilometers. These 
locations and summary findings are as follows: 
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Location Low Temperature Hi~h Temperature 
1. Kawaihae 45% or less less than 10% 
2. Hualalai 70% or less 35% or less 
3. l\launa Loa Southwest Rift 60% or less 35% or less 
4. Mauna Loa Northeast Rift 60% or less 35% or less 
5. Kohala less than 10% less than 5% 
6. Mauna Kea Northwest Rift less than 50% less than 20% 
7. Mauna Kea East Rift less than 30% less than 10% 
8. Kilauea Southwest Rift greater than 90% greater than 90% 
9. Kilauea East Rift greater than 90% .greater than 90% 
~laui County 
Within the County of Maui, six locations on the Island of Maui 
were identified, as well as the Islands of Molokai and Lanai. The 
Island of Maui has three potential geothermal resource areas. A 
summary of the locations within the County and the estimated percent 
probability of finding a low and high temperature resource is given 
below: 
Location Low Temperature Hi~h Temperature 
1. Olowalu-Ukumehame Canyon 75% or less less than 15% 
2. Lahaina-Kaanapali less than 5% less than 5% 
3. Honolua less than 5% less than 5% 
4. Haleakala Southwest Rift 35% or less 25% or less 
5. Haleakala Northwest Rift less than 10% less than 5% 
6. Haleakala East Rift 35% or less 25% or less 
7. Molokai less than 5% less than 5% 
8. Lanai less than 5% less than 5% 
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City and County of Honolulu 
The Island of Oahu is made up of two major volcanic edifices: 
the Waianae shield and the Koolau shield. Both locations were 
determined to have a low probability of finding either a low or high 
temperature geothermal resource. The summary findings are provided 
as follows: 
Location Low Temperature High Temperature 
1. Waianae Volcano 15% or less less than 5% 
2. Koolau Volcano less than 10% less than 5% 
Kauai County 
On the basis of currently available information, the geologically 
old age of Kauai's volcanic activity and the absence of any 
geothermal related anomalies, the probabilities for a 
resource are as follows: 
significant 
geothermal 
Location Low Temperature High Temperature 
Island of Kauai less than 5% less than 5% 
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Figure 5. 
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GEOTHERMAL TECHNOLOGY 
Geothermal Wells 
Drilling Depth. In Hawaii, geothermal reservoirs are expected to 
occur 4, 000-8,000 feet below sea level. The rotary drilling rigs likely 
to be used in Hawaii are rated for drilling to a maximum depth of 
about 16,000 feet. Some mainland oil-rigs can drill to 22,000 feet but 
are not considered economical when applied to geothermal development 
in Hawaii. 
Directional Drilling. A geothermal rig can drill a hole 
perpendicular to the ground surface or directional holes to almost any 
desired angle from ground surface. A moderate curve in the drill 
route can also be achieved. Directional drilling can reduce both 
environmental and economic costs by allowing multiple holes to be 
drilled from one drill site. However the most economic and shortest 
route for a drill hole is usually straight and perpendicular to the 
surface. 
Drill Hole Casing. The typical drilled hole has a 26 inch diameter 
for the first 250 feet, tapering to an eight inch diameter bottom hole 
in the production zone. The usual casing program includes a 
conductor pipe (surface to 250 feet), surface casing (surface to 2500 
feet), intermediate casing hung from the end of the surface casing 
(2500 to 4000-6000 feet), and possibly a production liner hung from 
the end of the intermediate casing to the bottom. All joints should be 
cemented and joined to ensure casing integrity into the production 
zone. Available well control techniques and blow-out prevention 
equipment can substantially reduce the risk of well blow-outs. 
Drill Site Surface Area. A 2/1 ratio of good to bad wells is 
expected in a proven resource area. Once a successful well is drilled, 
six closely spaced wells (four expected successful) may be drilled 
within a radius of 2000 feet of the drill site. Two acres of land would 
be cleared for an exploratory hole. Approximately five acres of land 
would be cleared on a proven drill site. Four successful wells (three 
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and spare) may be needed for a 12.5 megawatt (MW) plant. Genera-
tion capacity can vary from three to ten MW per well depending on the 
output rate and type (water or vapor dominated) of geothermal 
resource. The HGP-A test well is producing about three MW; however 
commercial wells are expected to have a larger capacity. Unsuccessful 
or expended wells would be abandoned unless used for injection of 
geothermal effluent. 
Drilling Emissions and Effluents. Depending on geologic structure 
and capability of drilling equipment, either "drilling mud" or air will 
be used to remove cuttings and lubricate the drill bit. Drilling 
activities may use 2000 barrels of water per day per well. The mud 
and cuttings are disposed of at a drill site sump but can be removed 
to an approved disposal site if required. In the production zones, air 
drilling (instead of mud) may be used to avoid reduction of 
permeability in the production zone. While in the production zone, the 
return-air will contain cuttings and geothermal gases (most significant 
being H2S). A caustic soda (NaOH) injection system and cyclone 
muffler can be used to abate hydrogen sulfide ( H2 S) , particulates, and 
noise during drilling. After completing the well, four to eight hours of 
unabated venting may be required to clear the hole of rock debris. 
Completed wells will be subjected to flow testing to determine reservoir 
characteristics. Emissions must meet Department of Health (DOH) 
standards. If the well is water dominated, a flash separator may be 
used at the well site to return brine to either a nearby percolation 
pond or re-injection well. 
Injection Wells. One injection well may be needed for the three 
active wells which may be required to fuel a 12.5 MW plant. The 
number of injection wells will vary depending on the permeability of 
the injection well and the quantity of brine flowing from the production 
wells. The initial injection wells (specifically drilled for injection) are 
likely to be close to the power plant to limit brine piping distance. 
Non-producing or expended production holes may also be used for 
injection. Geothermal effluents will be injected into a geothermal 
aquifer having similar characteristics. Drill casing intergrity through 
overlying fresh water aquifers is essential if usable water supplies are 
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to be protected. Injection wells are subject to standards and 
regulations of the State Department of Land and Natural Resources and 
Department of Health. 
Steam Piping 
The steam piping from well-head to plant is likely to be 16 to 22 
inch diameter carbon-steel pipes. Piping may be placed four to six 
feet above ground-level on "saddles" which may be fortified to 
accomodate pahoehoe lava flows. Alternatively, piping may be buried 
for safety and aesthetics. The piping will have expansion joints which 
will allow for thermal expansion and some ground movement. Surface 
area needed for a pipeline corridor is discussed in the section titled 
"Roads". 
Geothermal Power Plants 
Operation. Before a plant becomes operational the Department of 
Health must issue permits regarding the quality of the air and fluids 
discharged from the plant. Components of this system are described 
below. 
The characteristics of the geothermal fluid may vary from 
site to site. It may be liquid or vapor dominated. A vapor dominated 
system provides more steam for power generation per hole while 
reducing the amount of brine which must be injected back into the 
ground. HGP-A is a water dominated system. Kapoho wells #1 and #2 
have been reported to be vapor dominated. 
As the geothermal fluid enters the power plant the steam and 
brine components are separated in the "separator". Various heavy 
metal concentrations such as arsenic, lead, and mercury are very low 
(based on HGP-A data) and should remain in the brine that is 
eventually re-injected. The steam phase leaving the seperator consists 
of primarily water vapor and noncondensable gases. The two most 
significant noncondensable gases at HOP-A are H2S and Radon 222. 
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As described below, the level of H2S can be almost completely abated. 
Outdoor concentration levels of emitted radon, if properly abated by 
dilution in the cooling tower, are lower than most indoor levels; since 
cement emits some radon in most buildings. Again, the composition of 
fluids and gases are likely to vary within each reservoir. 
The steam phase from the separator enters the turbine, 
turns the rotors, and exhausts into the condenser. Electricity is 
produced as the turbine spins the generator. The steam flow and 
resultant turbine-rotor turning is enhanced by the vacuum created in 
the condenser as the steam is condensed into liquid. This liquid 
(condensate) returns with the warm condenser cooling water to the 
cooling tower where it is cooled by evaporation. The size of the steam 
plume will vary with the size and efficiency of the plant and the 
ambient weather characteristics. 
Emission Abatement. The gas phase which exits the condenser 
consists primarily of the same noncondensable components which left 
the seperator, most notably H2S. An abatement system is utilized at 
this point to reduce the H2S content to an acceptable level. A report 
recently prepared for the U.S. Environmental Protection Agency, 
Evaluation of BACT for and Air Quality Impact of Potential Geothermal 
Development in Hawaii, analyzes most available H2s abatement systems. 
These include the iron catalyst primary system; the iron catalyst 
secondary system; the hydrogen peroxide, caustic, iron catalyst 
( HPCC) primary system; burner-scrubber system; and the Stretford 
system. The report recommends the Stretford system as the primary 
on-line abatement system. This system can remove over 99% of the 
H2s contained in the noncondensable gases. By-products of the 
Stretford system include marketable elemental sulfur and sludge which 
requires disposal. 
A geothermal plant is expected to be on-line 90-95% of the 
time. Contingency abatement systems can be utilized in the event the 
plant is "down" for maintenance or emergency. If maintenance is 
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required on either the turbine or generator, the geothermal steam can 
be routed directly into the condenser utilizing the primary abatement 
systems. Since the turbine does not dissipate any heat or energy in 
the bypass mode, the cooling system must be over-designed to 
accomodate the extra heat during "turbine bypass". If the primary 
abatement system is not operational, a secondary abatement system 
such as NaOH (caustic soda) scubbing can be used in combination with 
a rock muffler to achieve 92-95% H2S removal. In emergencies, well 
throtting may be accomplished by manual valve turndown or automatic 
valve control. Throtting must be slow (at least 15 minutes) and can 
reduce flow to a fraction of the well's maximum flow rate. The degree 
of throtting possible will depend upon the characteristics of each well. 
However, there is a danger that the additional stress with increased 
pressure could damage the well-bore, casing, or well-head equipment. 
If a geothermal developement has more than one power plant, the wells 
could be moderately throtted and diverted to an operating plant. If 
all the above contingency abatement options are not available, a 
geothermal well may have to be free vented through a silencer without 
H2S abatement until such time as the well can be shut-in completely. 
The abated gases, condensate, and warm water are 
circulated through the cooling tower. Cooled water from the cooling 
tower is recirculated through the condenser; any excess water 
(blow down) 
mechanical 
is piped to an injection 
draft, cooling tower 
well. 
will 
It is expected 
be applied to 
that a wet, 
geothermal 
development. Warm water enters the tower near the top, while a fan 
forces air through slats designed to maximize the surface area of the 
falling warm water. Use of drift eliminators significantly reduces the 
chance that any water droplets will exit with the steam plume. This 
falling water also scrubs any particulates from the gas exiting the 
abatement system. At "The Geysers" geothermal development in 
California, small amounts of boron from the condensate has been 
emitted with cooling tower drift (small water droplets entrained in the 
the steam plume) having some adverse effects on nearby vegetation. 
Based on the characteristics of the HGP-A reservoir fluids and the 
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emission abatement which will be required by the DOH, cooling tower 
emissions from Hawaii's geothermal resources should not be toxic to 
flora and fauna in the vicinity of the geothermal power plant. Data 
available from the HGP-A indicates that the plume from the cooling 
tower should consist entirely of water vapor. The proposed DOH 
regulations require 98% H2S abatement and a concentration of no 
greater than 25 parts per billion H2S at the property line of a 
development. 
In addition to cooling tower blowdown, brine leaving the 
seperator will be piped into the injection well. If the rate of silica 
deposition in the brine is high, a silica-dropout system will be utilized 
between the steam-brine seperator and the injection well. Otherwise, 
silica deposition within the injection well might cause it to become 
plugged. The silica deposits will be removed periodically and disposed 
of in an acceptable manner. 
Plant Site Surface Area. The surface area required for a power 
plant varies with its megawatt output. By using 12.5 or 55 MW power 
plant units in tandem, a 25 MW or 110 MW facility can be constructed 
without increasing the land area of the plant site significantly. 
Generally, a 12.5 or 25 MW plant will have structure dimensions of 90 
feet x 40 feet x 54 feet high (per 12.5 MW unit) sited on a surface 
area of about 7 acres. A 55 or 110 ~lW plant will have structure 
dimensions of 350 feet x 80 feet x 75 feet high (per 55 MW unit) sited 
on a surface area of about 15 acres. 
Roads 
Roads must be constructed to accomodate geothermal exploration, 
development, and production activities. Their placement should avoid 
volcanic hazards as much as possible. The extent of road building 
activities at a particular location will be influenced by the existing 
road infrastructure. Road designs must be submitted to the counties 
for construction permit approval. Approximate road dimensions are 
given below: 
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Width Height 
(ft.) (ft.) 
Initial access 20 
Main access with 
transmission lines 78 76* 
Well field road 30 4-6** 
*Elect:nc transmission line poles. 
**Steam piping height. 
Electric Transmission Lines 
Description 
One lane with shoulders. 
Two lanes, shoulders, & 
transmission lines on 
both sides 
One lane, shoulders, 
dual pipeline corridor 
on one side 
Construction of a new transmission line corridor is required to 
connect the geothermal power plant to the existing power grid. 
Considering the existing power grid on the island of Hawaii, it appears 
that the need for new power line corridors will be minimal. However 
existing lines may need to be upgraded. A 69 kilovolt power line is 
about 70 feet high and requires a cleared corridor about 70 feet wide. 
A 138 kilovolt power line is about 80 feet high which requires a 
corridor of about 80 feet. Dual lines will be used to assure reliability. 
Noise Levels and Abatement 
During the initial phases of field development, persons in the 
immediate vicinity of a geothermal site may be exposed to noise levels 
varying from 40 to 125 decibels, depending upon the distance from the 
well site. High noise levels are produced during well drilling, 
production testing, and bleeding before connection to the generator. 
Drill rig noise varies from 60 to 98 decibels with muffler. Initial 
venting noise varies from 90 to 125 decibels which may be mitigated 
using a stack pipe insulator or cyclone muffler. Periodic operational 
venting noise is about 50 decibels using a pumice filled muffler. While 
most operations can be effectively muffled by acoustical baffling and 
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rock mufflers, some emit unavoidable noise. The above noise levels 
apply to the immediate vicinity within 100 feet of the source. 
The County of Hawaii geothermal noise level guidelines state that 
a general noise level of 55 decibels during the daytime and 45 decibels 
at night may not be exceeded at existing residential receptors which 
might be impacted. 
The design standard for the HGP-A Wellhead Generator Project 
specifies that the noise level one-half mile from the well site must be 
no greater than 65 decibels. Construction of a rock muffler at the 
facility has reduced noise levels to about 44 decibels at the fence line 
of the project. Noise will vary with weather conditions and 
topography. Technology exists which should abate noise to 
acceptable levels. 
Hazard Mitigation Plans. 
Various methods which could be used to mitigate dangers from 
geologic hazards are listed below. No attempt is made to prioritize 
methods since priorities may differ with the risks at each specific site. 
A survey should be conducted at each development site to closely 
examine topography and structural integrity of the surface and sub-
surface areas. 
0 
o Keep the power plant as far outside the rift zone as is possible 
since volcanic activity is concentrated there, e.g. lava flows, lava 
tubes, cracking, subsidence, pit craters, grabens, swelling. The 
piping distance from the well field to the power plant is limited 
due to increased thermal losses with distance, for example, the 
Kahauale'a site development map shows a maximum distance of 
about 2t miles from its farthest well to a power plant. 
Power plants and 
ground available. 
wells should be constructed on the highest 
Even a very small hill or ridge could offer 
considerable protection from lava flows. Channels and valleys 
should be avoided, even if upslope, as lava flows tend to be 
channeled into and be deepest in these relatively low areas. 
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o If a sufficiently large hill is not available, a plant or well could 
be protected by constructing an earth-and-rock platform several 
meters high. Depending on the perceived risk from flow hazard, 
wells or plants can be sufficiently fortified to withstand almost 
any lava flow. A cost/ risk analysis would have to be made. 
o Another well-protection alternative is to enclose the well-head in a 
concrete cellar allowing the lava to flow above rather than around 
the well-head. Recovering a well covered with a thick flow could 
be quite arduous and time consuming. The precise effect the 
lava's heat would have on the well-head mechanisms is not known. 
o To complement the platform, a berm or wall could be constructed 
to divert Java flows. The embankment should be several meters 
high around the upslope and cross-slope sides of the structure. 
o Available information indicates that the northern flank of Kilauea's 
rift zones are safer than the southern. For example, ground 
movements are more frequent on the Kilauea east rift zone's 
southern flank. The vast majority of erupted lava on Kilauea's 
rift zones has flowed over the southern slopes. 
o A geologic survey may identify near-surface lava tubes which 
could collapse under construction. 
o Power plants should be modular and somewhat portable so that, if 
all fortifications fail, units might be salvaged and reused. This 
tends to encourage use of smaller decentralized plants. 
o Steam transmission piping may be protected from a thin, fluid 
pahoehoe flow by installing downslope support structures. Thick 
aa flows would probably disrupt surface piping. Underground 
piping may offer more protection but installation and maintenance 
would be quite costly. 
o Comprehensive evacuation plans should be designed to assure 
worker safety. Warning time prior to inundation can be as little 
as one hour. Procedures should be established to protect 
equipment. Multiple access roads should be provided in the event 
one gets covered by a flow. 
o The development should coordinate contingency planning with 
government field geologists (e.g. Hawaiian Volcano Observatory) 
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and local civil defense authorities to ascertain when an eruption 
appears imminent and what subsequent action should be taken. 
Escape and abandonment procedures may be flexible but should be 
predetermined and clear. The developers have been giving this 
area much consideration. 
o If a lava flow is impending during well drilling, the well can be 
fitted with a pressure and temperature resistant "bridge plug" to 
safely isolate and protect the lower, resource-bearing portion of 
the well. These plugs can be installed in one hour. 
o Trip wires, placed in the expected path of a lava flow, can alert 
development personnel as to the distance and speed of the oncom-
ing flow. The crew can then take appropriate action in accord 
with their preexisting evacuation plan. 
o Protecting structures or machinery against damage by pyroclastic 
fallout might be achieved by enclosing those parts vulnerable to 
abrasion or contamination. Building roofs should be strong, 
having a sufficient pitch so that pyroclastic fallout does not 
accumulate. Access to roofs should be easy so that, if neces-
sary, they can be manually kept cleared of pyroclastic material. 
o Plant generators can be specifically designed to be adjustable to 
some ground surface tilting or subsidence. 
o Steam transmission piping can be made with expansion joints to 
accommodate appreciable subsidence and ground movements. 
o Plants should be constructed to withstand an earthquake of 7.5 
magnitude. 
o Power plants should not be constructed in coastal regions, if risk 
from tsunami is to be avoided. 
o In extraordinary situations, bombing a lava channel may cut the 
feed to a flow-front and prevent or slow further advance of the 
lava flow. 
o If warranted by volcanic risk, adequate spacing between 
developments should be maintained so that one eruption would not 
likely endanger more than one development. It is a common 
utility practice to maintain reserves sufficient to prevent a major 
blackout. Reserve requirements and associated costs may be 
limited by using small decentralized power plants rather than one 
large plant. 
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o If geothermal development investors assume all of the economic 
risk of loss resulting from geologic hazards, then developers 
would have a clear economic incentive to utilize appropriate 
mitigation measures and to select sites which offer the optimum 
balance of safety and productivity. 
o It is generally assumed that the resource developers will bear the 
risks of loss associated with their activities. However, if the 
utility owns the power plant, there may be some question as to 
whether the investors or the rate-payers will bear the risks of 
loss. This assumption of risk would be reflected in the cost of 
electricity from geothermal plants. It may be better that this 
cost be apparent "up front" rather than be delayed and possibly 
deferred to rate-payers in the event of a catastrophe. In the 
past, there have been some instances where hazard losses were 
recovered by the utility from rate revenues (e.g. Hilo tsunami of 
1960). Policy regarding assigning and clarifying risks of loss 
may be implemented by imposing conditions to be met by 
development investors prior to the granting of a CDUA permit by 
the State (conservation district) or geothermal resource permit by 
the County (urban, rural, or agriculture districts). 
ASSESSMENT FACTORS 
Pursuant to Act 296, SLH 1983, and Act 151, SLH 1984, each of 
the potential geothermal subzones was examined to determine whether 
any significant impacts would occur if geothermal development activity 
would take place. The factors examined included social impacts, 
economic impacts, environmental impacts, geologic hazards, and 
compatibility of development with land uses. In addition, the 
objectives and policies of the Hawaii State Planning Act, Chapter 226, 
HRS, relating to energy generally and geothermal resources specifically 
were also examined. This assessment was based on currently available 
information. This chapter describes the various assessment factors, 
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which were considered in evaluating its significance for designating 
geothermal resource subzones. 
Hawaii State Planning Act 
Act 296 specifies that the Board of Land and Natural Resources 
shall consider the provisions of Chapter 226, the Hawaii State Planning 
Act. Several provisions of Chapter 226 applies to energy, generally, 
and with geothermal resources in particular. Excerpts from the Act 
are presented to serve as a guide for implemention of legislative 
overall theme, goals, objectives, and policies. 
"Overall theme. Hawaii's people, as both individuals 
and groups, generally accept and live by a number of 
principles or values which are an integral part of society. 
This concept is the unifying theme of the state plan. The 
following principles or values are established as the overall 
theme of the Hawaii state plan: 
(1) Individual and family self-sufficiency refers to the 
rights of people to maintain as much self-reliance as 
possible. It is an expression of the value of 
independence, in other words, being able to freely 
pursue personal interests and goals. Self-sufficiency 
means that individuals and families can express and 
maintain their own self-interest so long as that 
self-interest does not adversely affect the general 
welfare. Individual freedom and individual achievement 
are possible only by reason of other people in society, 
the institutions, arrangements and customs that they 
maintain, and the rights and responsibilities that they 
sanction. 
(2) Social and economic mobility refers to the right of 
individuals to choose and to have the opportunities for 
choice available to them. It is a corollary to 
self-sufficiency. Social and economic mobility means 
that opportunities and incentives are available for 
people to seek out their own levels of social and 
economic fulfillment. 
(3) Community or social well-being is a value that 
encompasses many things. In essence, it refers to 
healthy social, economic, and physical environments that 
benefit the community as a whole. A sense of social 
responsibility, of caring for others and for the 
well-being of our community and of participating in 
social and political life, are important aspects of this 
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concept. It further implies the aloha spirit--attitudes 
of tolerance, respect, cooperation and unselfish giving, 
within which Hawaii's society can progress. 
"One of the basic functions of our society is to enhance 
the ability of individuals and groups to pursue their goals 
freely, to satisfy basic needs and to secure desired 
socio-economic levels. The elements of choice and mobility 
within society's legal framework are fundamental rights. 
Society's role is to encourage conditions within which 
individuals and groups can approach their desired levels of 
self-reliance and self-determination. This enables people to 
gain confidence and self-esteem; citizens contribute more 
when they possess such qualities in a free and open society. 
"Government promotes citizen freedom, self-reliance, 
self-determination, social and civic responsibility and goals 
achievement by keeping order, by increasing cooperation 
among many diverse individuals and groups, and by 
fostering social and CIVIC responsibilities that affect the 
general welfare. The greater the number and activities of 
individuals and groups, the more complex government's role 
becomes. The function of government, however, is to assist 
citizens in attaining their goals. Government provides for 
meaningful participation by the people in decision-making and 
for effective access to authority as well as an equitable 
sharing of benefits. Citizens have a responsibility to work 
with their government to contribute to society's improvement. 
They must also conduct their activities within an 
agreed-upon legal system that protects human rights. 
"State goals. In order to guarantee those elements of 
choice and mobility that insure that individuals and groups 
may approach their desired levels of self-reliance and 
self-determination, it shall be the goal of the State to 
achieve: 
( 1) A strong, viable economy, characterized by stability, 
diversity, and growth, that enables the fulfillment of 
the needs and expectations of Hawaii's present and 
future generations. 
(2) A desired physical environment, characterized by 
beauty, cleanliness, quiet, stable natural systems, and 
uniqueness, that enhances the mental and physical 
well-being of the people. 
(3) Physical, social, and economic 
individuals and families in Hawaii, 
sense of community responsibility, 
participation in community life. 
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well-being, for 
that nourishes a 
of caring and of 
"Objectives and policies for facility systems--
energy/utilities. 
(a) Planning for the State's facility systems 
energy/utilities shall be directed 
achievement of the following objectives: 
with regard to 
towards the 
(1) Dependable, efficient, and economical statewide 
energy and communication systems capable of 
supporting the needs of the people. 
(2) Increased energy self-sufficiency. 
(b) To achieve the energy /utilities objectives, it shall be 
the policy of this State to: 
( 1) Accelerate research development and use of new 
energy sources. 
(2) Provide adequate, reasonably priced, and 
dependable power and communication services to 
accommodate demand. 
(3) Ensure a sufficient supply of energy to enable 
power systems to support the demands of growth. 
( 4) Promote prudent use of power and fuel supplies 
through education, conservation, and 
energy-efficient practices. 
( 5) Ensure that the development or expansion of power 
systems and sources adequately consider 
environmental, public health, and safety concerns, 
and resource limitations. 
(6) Promote the use of new energy sources. 
(7) Facilitate the development and use of improved 
communications technology." 
Chapter 226 also establishes an overall priority direction and 
implementing actions to address areas of statewide concern. Priority 
actions for energy use and development specified include: 
( 1) Encourage the development of alternate energy sources. 
(2) Encourage development of a program to promote 
conservation of energy use in the State. 
(3) Encourage future urbanization into easily serviceable, 
more compact, concentrated developments in existing 
-23-
urban areas wherever feasible to maximize energy 
conservation. 
( 4) Encourage consumer education programs to reduce 
energy waste and to increase awareness for the need to 
conserve energy. 
(5) Encourage the use of energy conserving technology and 
appliances in homes and other buildings. 
(6) Explore possible incentives to encourage the use of 
alternate energy sources in homes and other buildings. 
(7) Encourage the development and use of energy and 
cost-effieint transportation systems. 
The Hawaii State Planning Act also provides for the formulation of 
Functional Plans in twelve functional areas of services provided by the 
State government. One such area specified is in the functional area of 
energy. The State Department of Planning and Economic Development 
was identified to prepare the Energy Functional Plan. The Act 
provides that the functional plan shall contain objectives to be 
achieved and policies to be pursued in the primary field of activity 
and such policies shall address major programs and the location of 
major facilities, and shall also contain implementation priorities and 
actions which may include, but not 
regulatory measures, standards, 
provisions. 
be limited to, programs, maps, 
and interagency coordination 
The following implementing actions relating to geothermal energy 
are excerpted from the State Energy Functional Plan. 
ALTERNATE ENERGY RESOURCE DEVELOP~IENT 
"B. OBJECTIVE: Accelerate the Transition to an Indigenous 
Renewable Energy Economy by Facilitating 
Private Sector Activities to Explore Supply 
Options and Achieve Local Commercialization 
and Application of Appropriate Alternate 
Energy Technologies. 
"Hawaii's near-total dependence on imported petroleum, 
spiraling oil prices, the net outflow of dollars for oil 
payments, and the political unrest of major oil-producing 
nations threaten local economic stability and the ability to 
serve energy needs over time. Support and assistance for 
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private sector activities to develop local energy resources 
will reduce dependence on the world oil market, improve the 
State's balance of payments, and thus promote economic 
development, and increase the number and diversity of 
employment opportunities. 
B (1). 
B(l)(g). 
POLICY: Investigate and alleviate non-technical 
(legal/institutional/ economic/ financial) barriers to 
alternate energy resource development. 
IMPLEMENTING ACTION: GEOTHERMAL ENERGY 
- Support continued Implementation of the State 
Geothermal Commercialization Program to address 
and mitigate legal and institutional concerns. 
Lead Organization(s): OPED 
Assisting Organization(s): DLNR; Hawaii County 
Planning Dept. 
Time Frame: Ongoing 
Comments: This program was previously 
Federally-funded. State support will be needed 
for program continuation. See action E(l)(a) for 
additional program components. Recommended 
near-term activities include: (1) legal 
clarification of the ownership of geothermal 
resources; (2) assessment of the desirability of 
establishing a State of Hawaii geothermal resource 
area (GRA) in Puna to identify the most probable 
and acceptable area for future geothermal 
development; and (3) coordination with 
appropriate State and County agencies to 
investigate regulatory and land use permit 
streamlining for geothermal development. 
B (2). POLICY: Facilitate research, development and 
demonstration activities designed to resolve 
remaining technical barriers to alternate energy 
technologies in order to expedite local 
commercialization. 
B(2)(a). IMPLEMENTING ACTION: Continue statewide 
alternate energy resource assessment studies as 
appropriate to supplement private sector 
investigations. 
Lead Organization(s): UH: C&C DPW: Hawaii 
R&D; Kauai OED; r.laui ~'layor's Office 
Assisting Organization(s): DPED; HNEI 
Time Frame: On going 
Comments: High priority is given to the 
completion of resource assessments for geothermal 
energy on Hawaii and Maui; and for wind and 
insolation throughout the State to develop a data 
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B(2)(g). 
Social Impacts 
base for small-scale, dispersed installations. 
Further assessment of ocean thermal energy 
resources 
necessary. 
along Leeward Oahu may also be 
IMPLEMENTING ACTION: GEOTHER~IAL ENERGY -
Continue geothermal research activities as 
appropriate to support commercialization efforts. 
Lead Organization(s): UH 
Assisting Organization(s): 
Time Frame: Ongoing 
HGP-A Development 
Group 
Comments: Continued funding is recommended for 
the following activities: (1) Kapoho reservoir 
synthesis; (2) electric and seismic properties of 
rock systems; (3) corrosion studies; and (4) 
non-electric applications research." 
Health Aspects. The health aspects of geothermal resource 
development involve primarily the effects of chemical, particulate, and 
trace element emissions on the physical environment and on residents 
in the vicinity. Hydrogen sulfide (H2S) and sulfur dioxide (S02) are 
the major gaseous compounds concerned, but the naturally existing or 
ambient air of the volcanic regions also contains these compounds. 
This section deals with the concerns, perceptions and attitudes of the 
residents regarding the health aspects of geothermal emissions. 
Two community-wide survey studies produced information 
relating to perceptions and concerns about the effects of geothermal 
development on elements of physical environment such as air quality. 
The first was done by a community association in Puna, the Puna Hui 
Ohana. In this survey, 351 Hawaiian residents in the Puna area were 
interviewed. The results were prepared in a report, Assessment of 
Geothermal Development Impact on Aboriginal Hawaiians, published in 
February, 1982. In response to the question of "What kind of change 
would geothermal development bring about on the physical environment 
(noise, air quality, visual environment) of Puna?" Out of the 253 
responses, 56 said it was "slightly bad" and 114 said it was "very 
bad". 
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The second survey study was conducted for the State 
Department of Planning and Economic Development and the Hawaii 
County Department of Planning, by SMS Survey, Inc. The Puna 
Community Survey, completed in April, 1982, interviewed 778 residents 
in the Puna area. The study reported only one-fifth of the total 
survey respondents as mentioning that they felt that they had been 
affected by the geothermal wells in Puna. Of those indicating they 
were affected, the negative effects mentioned were "health problems" 
and "smell". 
In addition to these two major survey studies, other inputs 
made by community associations and other organizations and individuals 
regarding the HOP-A well and the Kahauale'a Conservation District Use 
Application are available. 
A study is presently being conducted by the Hawaii State 
Department of Health, on the health status of the Puna population 
exposed to low levels of hydrogen sulfide and other geothermal 
effluents. This study surveyed some 135 households in the Leilani 
Estates representing 350 people and a "control" group of 179 
households in the Hawaiian Beaches Estates, representing 604 people, 
the control population being similar in demographic characteristics to 
but not having the exposure to geothermal emissions as the Leilani 
Estates population. A series of close to thirty questions were asked 
concerning health backgrounds and conditions and problems. Survey 
data are being processed and analysed and the results are expected by 
late 1984. 
Noise Aspects. Although noise levels associated with geothermal 
energy development and operation are comparable with those of 
industrial or electrical plants of similar size, plant construction and 
operation in a quiet rural area are a potential noise factor to be 
controlled and monitored. In terms of people's perceptions of and 
concerns with the noise factor, the S~1S Puna Community Survey 
reported that of the 18% who responded "yes" to the question of 
whether they or their households had been affected by the wells in 
Puna in any way, 22% mentioned they were affected by "noise". 
-27-
In May of 1981, the County of Hawaii Planning Department 
issued a set of Geothermal Noise Level Guidelines to provide proper 
control and monitoring of geothermal-related noise impacts with stricter 
standards than those prevailing for Oahu and state-wide, based on 
lower existing ambient noise levels for the Island of Hawaii. 
Lifestyle, Culture, and Community Setting. The lifestyle, culture 
and community setting or atmosphere of an area are very much 
inter-related and represent a major concern in terms of the effects of 
any introduced changes, especially when the changes may be in the 
direction of industrial development in a relatively rural setting. The 
Puna area has the most information and the input to-date on these 
aspects in relation to geothermal development may for the time being 
be applicable to an extent to other localities. Each community, 
however, will have its own unique background and perceptions and 
goals. Each community should in the process of considering geothermal 
resource development contribute its own input into the assessments. 
1\luch about the cultural background, beliefs, practices, and 
lifestyles of the Hawaiian residents in Puna were reported and 
discussed in the survey by the Puna Hui Ghana's, Assessment of 
Geothermal Development Impact on Aboriginal Hawaiians. On attitudes 
towards the effects of geothermal development, the survey reported "A 
large number of impacts were perceived 
respondents; and only one, economic impact, 
clearly positive. Yet the question asking about 
as negative by the 
was reported to be 
the 'overall' impact of 
geothermal development in Puna produced responses averaging in the 
"neither good nor bad" middle ground. There seems to be a balancing 
of the potential economic benefits of geothermal development with the 
environmental and social costs of development". 
In the SMS study, The Puna Community Survey, respondents 
asked to name the best things about life in Puna today cited a great 
variety of factors, with 49% of the factors or items mentioned being in 
the category of lack of population and development, e.g. country 
atmosphere, rural area, uncrowded, etc., and 40% of the factors cited 
in the category of physical environment, and 33% of the elements cited 
being in the social/lifestyle factors group. 
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The survey also reported that the greatest divergence among 
attitudinal responses was between the Keaau and Kapoho-Kalapana 
planning areas, Keaau residents being the most concerned with 
economic development and jobs while Kapoho-Kalapana respondents were 
"suspicious of it". This was analysed in the report to be a function 
of the uncertainties and anxieties among Keaau residents concerning 
the closing down of Puna Sugar Plantation, whereas Kapoho-Kalapana's 
current rural character would be more affected by geothermal-related 
activities. 
Aesthetic Aspects. Although in some areas with potential 
geothermal resource development the plant installation may be relatively 
unobtrusive--where scenic view corridors are not damaged in the eye 
of nearby or medium-distanced residents and visitors--consideration of 
aesthetic aspects should include careful siting, tasteful design, and 
effective landscaping. 
The S~1S study mentioned before, The Puna Community 
Survey, reported that of the negative impacts perceived relating to the 
geothermal well, 5% felt that it "looks bad". The area respondents 
with the greatest percentage of citing of the aesthetic aspect were 
Keaau residents, with 25% of the factors mentioned being under the 
category of negative appearance. 
Techniques of preserving aesthetic aspects of the landscape 
and natural vistas include attractive design, painting of structures and 
towers and plants with colors to blend in with the natural setting. 
A 20:\JW to 30~.1W plant complex might be given attention and care as a 
design model for any future expansion that may be considered 
desirable. 
Economic Impacts 
As with any economic activity, the injection of dollars into the 
economy will result in direct impacts through the purchases of various 
goods and services from the other industries. In the case of a 20 to 
30 megawatt geothermal plant, the dollars injected into the economy 
may be the result of the inflow of investment capital or the dollars 
prevented from being "exported" from the State or the County in the 
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substitution or displacement of approximately 390 thousand barrels of 
petroleum each year that would have otherwise been imported into this 
State for conversion into electricity. The additional purchases made 
will, in turn, cause these industries to purchase more goods and 
services from other industries. The result is a chain-reaction of 
purchases, or a "multiplier" effect produced by the original increase in 
purchases. 
The simpliest way to understand the basics of the multiplier effect 
is to consider what would happen if one were given a "brand new 
dollar". It is likely that the person would spend part of it and save 
the rest. Let's say you spent 80¢ of that dollar. For simplicity, 
assume that individuals and businesses were equal entities in their 
economic behavior. If the ratio of .8 was assumed to remain constant, 
then of the 80¢, 64¢ would be spent and the balance saved. If this 
process were to continue indefinitely until all the money was either 
spent or saved in this proportion, the "injection" of this "brand new 
dollar" would ultimately yield $5.00 in output for our simple economy. 
The State's 1977 input-output model's income, output and 
employment multipliers were used. This model summarized the economic 
activities of the State at a given moment or period in time, providing 
information on the inter-relationships between all sectors within the 
economy. The analysis concentrated on the economic impacts that may 
result due to the operation of a geothermal plant. It disregarded the 
impacts which may occur during the construction phases. 
The full measure of these impacts may be offset by the degree to 
which monies used to finance the operations originated locally or 
outside of Hawaii. Additionally, County conditions may not provide 
the opportunities that can be found on Oahu, and as such, the full 
impact of the output generated may not occur. Furthermore, one of 
the major characteristics of the input-output model used to generate 
these multipliers is that it implicitly assumes that the structure of 
Hawaii's economy in terms of the state of technology in 1977 has not 
changed significantly. 
These impacts, especially the total impacts are long run in 
nature. That is, the subsequent indirect and induced activities do not 
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take place instantaneously, but requires fairly lengthy periods of time 
for such events to take place, all other things held constant. 
The overall assessment is that a 20 to 30 megawatt geothermal 
power plant will have some economic impact on a State-wide and 
County-wide basis, but the impact would probably not be significant. 
Based upon the data available, the direct wages to the 25 direct 
project employees will be about $560,000 per year. This direct income 
will stimulate a multiplier effect totalling an estimated $1.3 million. 
Additionally, an estimated 57 additional jobs will be created. 
Public Revenue and Community Resource Analysis. Any economic 
activity results in certain gains and losses to the economy. In 
particular, an economic activity provides the public sector with 
additional sources of revenues and also increases the burden on the 
available public resources. In order to assess the impact of this 
project, an estimate of the incremental revenues and costs needs to be 
made. For the purposes of this analysis, only those major financial 
impacts likely to occur as a result of this project was considered. 
Order-of-magnitude estimates of the variables in this section were made 
where data was available and considered applicable to the assumed 20 
to 30 oegawatt geothermal plant case study. The estimation of a 
revenue-cost ratio was omitted at this preliminary stage of analysis. 
For simplicity of analysis, it was assumed that all the 
employees will be brought in from outside the County. This will 
provide the "worst case" situation. Furthermore, it was assumed that 
a one-to-one relationship between employee and household exists. 
Thus, a total of 25 households will become the basis of the analysis. 
Lastly, it was assumed that all households will reside within the same 
district as the geotherr.ml site. 
Public Sector Revenue. At the County level, three major 
sources of revenue was addressed in relation to the existence of a 
geothermal plant. The first is property taxes, followed by fuel taxes 
and sewer charges. 
At the State level, there are four major sources of public 
revenue that deserves treatment. The first is the general excise tax. 
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Next, is income taxes, both the corporate and the personal. Finally, 
the royalty income on the geothermal mineral rights. 
Community Resource Analysis. Although the on-site facility 
will draw upon the community's resources, this section addressed only 
the probable impacts that may take place due to the increase in 
population within the immediate community or to the County. The 
principal resources that will be analyzed includes: 
education, police and fire. 
housing, lower 
Based upon the scenerio that all 25 workers are from outside 
the County, the selected sources of revenues to both the County and 
to the State will not be a significant amount, in relative terms as well 
as in absolute ones, due to the size of the plant. However, a more 
precise delineation of the type of plant, in terms of legal organization 
and activities, will be required to determine a more accurate public 
revenue estimate. 
Overall, the impact of the 25 additional households to the 
community will be primarily in the housing market, if all 25 workers 
are from outside the County. The likelihood of this "worst case" 
assumption seems to be fairly small. Thus, it is probable that a part 
of the needed workforce will come from the County and therefore the 
housing impact will not be as great. Other community resources will 
not be affected in a significant manner under the current scenerio. 
Environmental Impacts 
Meteorology. The winds in the Hawaiian Islands are very 
important in geothermal operation because of their effect on emissions 
and noise. The most common winds over the Hawaiian Islands are the 
trade winds from the northeast which account for about 70% of the 
winds in the Islands. These trades prevail over 90% of the time in 
June through August and only 40 to 60% of the time in January 
through March. During the winter, the trade winds are sometimes 
absent almost an entire month. 
The analysis of wind direction was based on the few wind 
summaries available along the rift zone and interpolation drawn from 
existing data collected in other parts of the island. Due to the limited 
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amount of available data, earlier written articles were also utilized in 
the study of the wind patterns over the rift zones. 
Testimony at the public information meetings indicated that 
locaiized wind patterns from Kahaualea which normally blow into the 
National Park during the day, sometimes reverses direction at night 
blowing toward residential communities. 
Flora and Fauna. One of most serious potential impacts of 
geothermal energy development in Hawaii is the disruption of native 
forests. Air pollution and ground water impacts of geothermal 
development may be substantially avoided by requiring full control 
technologies and impacts on native forest ecosystems can be mitigated 
through careful siting. Siting to avoid damage to biologically valuable 
forest can prevent both degradation of the forest due to invasion of 
weed species and disturbance of native bird species due to human 
activity and noise. 
Native forests are particularly vulnerable to invasion by 
exotic species along roadways or other cleared areas. Once such an 
invasion begins, native forest is gradually altered, and non-native 
species, which initally invaded along relatively narrow corridors, 
spread and multiply. Major geothermal development, with an attendant 
network of roads and construction corridors, 
dissect and possibly degrade undisturbed native 
to invasion by weedy species. 
may be expected to 
forest by opening it 
Geothermal development may also have potential negative 
impact on native birds, including many of which are endangered. 
Construction noise and human activity are factors which favor urban 
nuisance species over native forest species. It is therefore important 
to consider the habitat of native bird species, particularly those which 
are endangered, in assessing the impact of geothermal energy 
development. Any development within the habitat of native birds 
which have potential environmental impact should be fully investigated 
and mitigation measures implemented. 
In selecting areas in which geothermal development will have 
the least environmental impact, it is therefore useful to assess both 
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forest quality and native bird habitat. Those areas with mature native 
forest and significant native bird habitat will tend to be the most 
environmentally important, while those without native bird habitat and 
less intact forest will be substantially less impacted. For this study, 
indicators were used to distinguish, on a broad scale, areas of high 
and low potential environmental impact. For the present assessment, 
two indicators have been chosen, one of native habitat importance and 
one of forest quality. 
The indicator chosen to depict the value of an area to native 
fauna is the presence of endangered species. While under some 
circumstances a simple survey for endangered species is an 
unacceptably superficial form of environmental assessment, in the 
present situation the presence of endangered species correlates quite 
well with the value of the area to native fauna in general. Relative 
value of native forest has been assessed using a categorization system 
developed by the University of Hawaii Environmental Center based on 
forest type mapping done by the United States Fish and Wildlife 
Services. This system indicates areas in which geothermal development 
would have the greatest environmental impact, areas in which 
geothermal development would have little or no impact on valuable 
native forest, and areas in which the impact of geothermal development 
on native forest is uncertain. 
For the present assessment, endangered species habitat was 
considered present wherever essential habitat outlined in an approved 
Endangered Species Recovery Plan existed. Endangered Species 
Recovery Plans are plans of action for restoring the population of a 
species pursuant to its listing as endangered by the Secretary of the 
Interior. Recovery plans are drafted by teams of wildlife experts from 
both State and Federal agencies, and represent estimates of the range 
and life requirements of endangered species by the foremost experts in 
the field. Essential habitat outlined in an Endangered Species 
Recovery Plan is therefore almost without exception the most 
authoritative estimate of the actual habitat for a particular endangered 
species. Where no essential habitat has been designated, distribution 
was determined from population surveys condected by the U.S. Fish 
-34-
and Wildlife Services or other available information. Essential habitats 
have been defined for all endangered forest birds and the Hawaiian 
Crow (Alala) on the Island of Hawaii and for the Nene on both Maui 
and the Big Island. Essential habitat has not been determined for the 
endangered Maui forest birds, and therefore U.S. Fish and Wildlife 
Service population counts were used to determine habitat boundaries 
for these species. 
The potential for environmental impact on the flora of the 
resource areas was assessed using a forest categorization system based 
on U.S. Fish and Wildlife Service vegetation type mapping. The U.S. 
Fish and Wildlife Service system incorporates information on extent of 
canopy cover, height of 
vegetation association by 
assembled and mapped by 
canopy, understory composition, and 
type. Vegetation information has been 
U.S. Fish and Wildlife Service using this 
system for large portions of four of the five main Hawaiian Islands, 
including Maui and Hawaii. Information in this form was available to 
the present study for all or portions of each of the resource areas. 
Areas not covered were lower Hana, lower Makena, Kilauea S. W. Rift, 
and lower Puna. In these areas aerial photo interpretation was used 
to estimate vegetation type, and in high resource potential areas this 
aerial interpretation was verified on the ground from readily accessible 
roadways wherever possible. Lack of access routes made ground 
verification for the Kilauea S. W. Rift site impractical. The boundaries 
delineated on the aerial photographs were transferred to orthophoto 
quadrangles and assigned a vegetation type code following the U.S. 
Fish and Wildlife Service system. Vegetation type data was then 
ranked according to potential impacts from geothermal development. 
Surface Water. Geothermal development activities should not 
directly affect existing land uses since there are no surface streams 
located in the recommended areas. While drilling and construction 
phases of geothermal development may be a cause of concern, little or 
no environmental impacts are expected. However, if surface water 
becomes available, accidental pollution of streams should be prevented, 
and adequate and safe disposal methods of geothermal brine are 
available. 
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Almost all geothermal fluids have a total dissolved solids 
content greater than 1, 000 parts per million, and their indiscriminate 
discharge into streams, ponds, and watersheds should not be allowed. 
The normal disposal practice is expected to be by reinjection into the 
geothermal reservoir. In some cases it is possible that byproduct 
fluids may be of satisfactory quality to be disposed of without 
treatment. Surface disposal, in these cases, could be allowed under 
controlled conditions. Environmental impacts on surface waters 
resulting from the development of geothermal resources in the 
prospective geothermal subzones are expected to be minimal. 
Ground Water. Ground water in the various geothermal areas may 
occur as (1) perched water, (2) dike water, and (3) basal water. 
Perched water, the least common, is water that is ponded on 
ash beds, soil formed on weathered lava, and on dense lava flows. 
Most perched water bodies are thin and show little lateral extent. The 
presence of perched water may be indicated by perched springs, 
usually found at higher elevations. 
Dike water is water impounded in compartments between 
dikes in the rift zones of the volcanoes. The numerous dikes form 
nearly vertical walls that are less permeable than the masses of 
ordinary lava flows between them. In some of the dike complexes, 
water is held between the dikes to a height of more than 2,000 feet 
above sea level. 
Basal water occurs most commonly in the islands. The basal 
ground water body is the fresh water resting on salt water within the 
permeable rocks that make up most of the base of the islands. In the 
areas considered, ground water will not be adversely affected because 
geothermal wells are drilled past the ground water aquifer. In 
addition, surface casing will be set and cemented through a competent 
subsurface formation below the basal lens. The drilling, casing 
installation, maintenance and abandonment 
including re-injection wells will be regulated 
of all geothermal wells, 
and 
the groundwater aquifer. Subsurface disposal of 
monitored to protect 
geothermal fluids by 
re-injection would be allowed only under controlled conditions, and 
alternate safe disposal methods should be developed. 
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Air Quality. The assessment of air quality impacts resulting from 
geothermal development requires examination of ambient air quality 
along active rift zones, emissions from geothermal wells and power 
plants and the current level of geothermal emission abatement 
technology. 
Geothermal developments in Hawaii will be required to have 
abatement systems that meet the proposed State Department of Health 
air quality standards. At present, the recommended H2S abatement 
system, the Stretford System, is capable of removing over 99% of the 
H2S contained in the non-condensable gases. 
enable facilities to comply with the proposed 
Use of this system would 
air quality standards that 
require 98% of the H2S present to be removed. 
It should be noted that due to the sulfur content of fuel oil, 
oil-fired power plants may emit at least ten times more sulfur dioxide 
per megawatt-hour than would a geothermal power plant. Therefore, 
replacement of oil-fired power plants with geothermal power plants may 
reduce the overall impact to the environment and air quality. 
Two major sources of recent information that help answer the 
questions and concerns are: Environmental Baseline Survey, Kilauea 
East Rift, Puna and Ka'u Districts, County of Hawaii (Final Report, 
1984), prepared for the Hawaii State Department of Planning and 
Economic Development by NEA, Inc. , in which definitive additional 
information on ambient air composition was obtained; and Evaluation of 
BACT for and Air Quality Impact of Potential Geothermal Development 
in Hawaii, January, 1984, prepared for the U.S. Environmental 
Protection Agency by Dames & Moore. 
In its conclusions on the air quality impact of potential 
geothermal development in Hawaii, the Dames and Moore study reports 
the following, based on the Best Available Control Technology (BACT) 
for emission abatement: 
"H S, particulate and trace element emission rates were 
all developed from data gathered at HGP-A and assuming the 
emission controls described above. EPA-developed air 
dispersion models were then used to estimate the impact of 
these pollutant emissions on ambient air quality. Based on 
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these calculations, potential H2S emissions during normal power plant operations for the Clevelopment scenarios [25MW 
and 50MW] described in this report are well below the 
proposed Hawaii ambient air quality standard ( HAAQS) for 
H2S. However, H2S emissions during well bleeding operations have the potential to exceed the proposed HAAQS. 
This potential can be eliminated by developing (and 
implementing) H2S emissions control measures for use during 
well bleeding or by altering the assumed emission release 
characteristics of well bleeding activities. 
"Calculations of potential particulate and trace element 
impacts on ambient air quality were also conducted as part of 
this study. These data indicate that the proposed project 
does not have the potential to exceed applicable ambient air 
quality guidelines for these compounds." 
Cultural and Archaeological Values. Cultural values refer to the 
range of historical activities carried out by early Hawaiian residents. 
Archaeological values refer to all structures and artifacts that provide 
evidence of early habitation. 
The Hawaiian land use concept of the ahupuaa is most useful 
in understanding the range of activities likely to occur within a 
subzone area, as well as the potential for archaeological sites within a 
subzone. For example, early coastal fishing villages often had inland 
agricultural fields. In addition to fishing and farming, various forest 
products were harvested from mauka or upland areas (koa for canoes, 
pulu for stuffing, ohia logs, birds for feathers) and early trail 
systems connected remote villages. 
Evidence of these activities found in remaining archaeological 
sites is critical to reconstructing Hawaiian history and pre-history. 
Geothermal development may potentially degrade such 
remaining evidence by site clearing and facility construction. 
Estimates of the likely impacts of geothermal development can 
be accomplished by (1) completing an archaeological literature search 
for each geothermal resource subzone for evidence of early human 
activity, (2) by plotting the location of known archaeological sites 
within or nearby proposed subzones, and (3) by on-site archaeological 
reconnaissance surveys. 
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Two literature searches were prepared for the Kahaualea 
EIS. A similar search accompanied by maps showing known sites could 
be prepared for each subzone area. 
Scenic and Aesthetic Values. Scenic and aesthetic values, in 
general, refer to landscape qualities likely to be impacted by 
geothermal development. Since most sites with geothermal potential are 
located in remote wilderness areas and are often heavily forested, 
development of geothermal facilities represents a visual intrusion. 
The potential sources of visual intrusion include: clearing 
forested areas for construction, the temporary presence of drilling 
rigs, night lighting of drilling rigs, permanent presence of power 
plant structures with cooling towers (50 to 65 feet in height), 
geothermal fluid transmission lines, electrical transmission lines (70+ 
feet in height), and a periodic presence of steam plumes above well 
heads and power plant cooling towers (under certain climatic 
conditions, steam plumes may rise to 150 to 200 feet above the site). 
Estimates of visual impact are accomplished by preparing an 
area-wide terrain analysis to determine locations outside the project 
area from which drilling rigs, powerlines, power plant facilities, etc. 
can be seen. In preparing a terrain analysis of visual impacts, 
various observer location points are selected and view lines calculated 
at each site. The observer is assumed to have an eye level 10 feet 
above ground surface and power plant height is assumed to be 80 feet 
above ground level. Profiles or visual perspectives are constructed to 
show the view lines from each observer location to a proposed power 
plant location. From such a profile, it is possible to determine the 
extent to which a site is visible from each observer location. 
Geologic Hazards 
General. The same volcanic activity which provides the source of 
geothermal heat may also create a hazard to people and property. 
Volcanic hazards include lava flows, pyroclastic fallout, ground 
deformation, cracking, and subsidence. With proper evacuation 
planning, lava flows should not be a great danger to people because of 
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their usually slow speed and somewhat predictable paths, however, 
substantial property damage is a possibility. The table below 
summarizes past eruptive activity. 
Historic Eruptions Within Geothermal Resource Areas 
Number of Average 
Eruptions Ar!lf 
Location Since 1750 (km ) 
Kilauea Upper East Rift* 21 6 
Kilauea Lower East Rift* 5 11 
Kilauea Southwest Rift 5 7 
Mauna Loa Northeast Rift 7 37 
Mauna Loa Southwest Rift 7 34 
Hualalai 1 46 
Haleakala Southwest Rift 1 6 
Haleakala East Rift 0 
*An imaginary line extending approximately north of Kala pan a 
distinguishes the lower and upper east rift zone. Caldera eruptions 
were not considered. 
A significant phenomenon is unique to Kilauea: the southern 
flanks of its rift zones are much more prone to be covered by lava 
flows than are the north flanks due to topography. 
Several mitigation methods are available which may reduce 
the risk from geologic hazards. These methods include strategic 
siting, special construction designs and fortifications, evacuation 
planning, decentralization of power plants, and giving development 
investors a clear economic incentive to utilize mitigation methods by 
having them assume all the associated risks of loss. 
In the past, several attempts have been made to restrict the 
flow of lava in Hawaii, Italy, and Iceland. These examples illustrate 
the effectiveness of the technology used and the costs involved. In 
those situations, governmental authorities spent large amounts of 
money, sometimes millions of dollars, in efforts to protect communities 
threatened by lava flows. 
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The past history and nature of geologic hazards can provide 
a valid guide to the probable course of future activity, although it is 
not possible to detail the specific time and location of such activity. 
Lava Flows. Lava flows generated during volcanic eruptions and 
can cover extensive areas extending out to more than 10 kilometers 
from the source, be it a vent or long linear fissure or crack. Lava 
tends to flow freely and the course taken by the flow is fairly 
predictable since it is determined by ground slope. However, ridges 
built by cooling lava on the sides of a flow may create channels and 
alter the lava flow direction. Flows from earlier phases of an eruption 
can quickly change the topography and expected course of the flow. 
In a somewhat similar manner, other natural and man-made obstacles 
can divert lava flows. 
Lava flows vary in their flow behavior. Thick distal aa 
flows tend to bulldoze, crush, bury, and burn any surface structures 
in their path. The more fluid, newly erupted, proximal (near-vent) 
lava tends to flow around obstacles. A fluid flow could enter 
buildings and may not cause much structural damage beyond igniting 
flammable materials and softening and distorting some of the metalwork. 
In principle, fluid pahoehoe lava can subsequently be removed and the 
building reoccupied. In principle this would also apply to flows 
covering protective well cellars and thin pahoehoe flows surrounding 
transmission piping. However, recovery from a deep or long duration 
flow could take many months. 
Pyroclastic Fallout. Explosive high-output eruption fountains may 
eject rock fragments of many types and sizes. The fallout range can 
be appreciable as far as 500 or 1000 meters away from an eruptive 
vent or fissure. Large fragments tend to fall close to the vent 
building cones and may be tens or hundreds of feet thick. Smaller 
particles can form a long, narrow, blanket many feet thick downwind 
of the vent. 
The probability of an eruption being potentially explosive 
(with resultant increased debris) increases as the coast is approached 
and is near 100% for a vent within about 1 kilometer of the coast. 
Steam from the near-surface water table promotes such explosiveness. 
-41-
Other dangers from fallout include lung irrigation, poor visibility, 
anxiety or panic, blockage of escape routes, and severe cleanup 
problems. 
Ground Cracks. Cracks which may open as much as several feet, 
can be the surface expression of dikes that fall to reach the surface. 
These cracks can produce a surface graben in which the ground 
subsides between two parallel cracks. This type of cracking related to 
magma movement is concentrated in volcanic rift zones which are 
narrow and clearly defined. Cracks could possibly open outside a rift 
zone; however, not enough information is avallable to assess the 
probability, which is considered to be low. 
Ground cracking can also be associated with tectonic earth-
quakes. Their formation is often accompanied by a relative vertical or 
lateral displacement of the ground on either side. Tectonic ground 
cracking is usually localized in definable zones. 
Ground cracking across a geothermal plant could cause a 
suspension of operation, depending on the extent and location of 
damages. 
Pipes carrying steam between the wells 
unlikely to be damaged by minor ground cracking, 
designed with expansion joints at regular intervals. 
and plant are 
since they are 
Ground cracking close to a well bore might open up an 
alternate path for the steam and cause its loss from the well. This is 
unlikely due to the vertical pitch of most cracks. However, in the 
event a crack does intercept a well bore several things might happen. 
If the crack is below the local water table, water could rush into the 
bore and seal the release of steam by hydrostatic pressure. If the 
crack is above the water table, steam could escape into the surround-
ing rock strata. If the crack is close to surface, steam could escape 
and vent its way to the surface. In the latter event, a cement plug 
poured from an intercepting directional drill hole may seal the leak. 
Ground Subsidence. Subsidence from geothermal fluid withdrawal 
is not likely to be problem; since the islands are generally comprised 
of dense, permeable, self-supporting basaltic rock, especially in 
geothermal production zones. Of more concern is the volcanic or 
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tectonic subsidence which usually occurs on or about active rift zones, 
e.g. Kilauea. 
Small to large grabens may result from the subsidence of 
rock blocks (usually rectangular) which are downthrown along or 
between cracks. 
Subsidence and cracking may also be associated with tectonic 
earthquakes, e.g. subsiding slump blocks along the Hilina fault system 
near Kilauea. 
Collapsing pit craters and lava tubes can result in very 
severe localized subidence. Pit craters usually occur within a summit 
or rift zone of a volcano. Fragile, near-surface lava tubes (usually 
found in pahoehoe flows) are subject to collapse from heavy surface 
activity. A geologic site-survey could identify these hazards. 
Aside from the immediate effects subsidence may have on the 
foundation and contents of a power plant, subsidence also increases 
the hazards from lava flows since flows usually seek lower areas. 
Earthquakes. Most earthquakes in Hawaii are volcanic in nature, 
resulting from the vibration of near surface magma movements. They 
usually cause little direct damage. Larger earthquakes tend to be 
tectonic, generally resulting from the movement of large rock bodies. 
Major earthquake shaking can potentially damage poorly 
constructed buildings. Indirect damage may also be caused by 
smaller, more common volcanic earthquakes. Experts have recom-
mended that development facilities be constructed to withstand shaking 
from a 7. 5 magnitude earthquake. The largest earthquake in the State 
occurred on the island of Hawaii in 1868, having a magnitude of 7. 5. 
Tsunami. Tsunamis are large sea waves usually generated by 
movement of large submarine rock masses or volcanic eruptions. These 
waves can travel great distances at speeds of almost 500 miles per 
hour and move on shore turbulently or merely rise quietly. 
The tsunami hazard is probably localized to a zone of land 
approximately 2 kilometers wide along the coast, and at elevations not 
much higher than 75 feet. This is not expected to pose a significant 
danger to geothermal developments which are likely to be situated at 
higher elevations. 
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Compatibility with Land Uses 
State Land Use Classification. Under the provisions of Chapter 
205-2 of the Hawaii Revised Statutes, Districting and Classification of 
Lands, there are four major land use districts in which all lands in the 
State shall be placed: (1) urban, (2) rural, (3) agricultural, and (4) 
conservation. 
Urban districts shall include activities or uses as provided 
by ordinances or regulations of the county within which the urban 
district is situated. 
Rural districts shall include activities or uses as 
characterized by low density residential lots of not more than one 
dwelling house per one-half acre in areas where 'city-like' 
concentration of people, structures, streets, and urban level of 
services are absent, and where small farms are intermixed with the low 
density residential lots. These districts may include contiguous areas 
which are not suited to low density residential lots or small farms by 
reason of topography, soils, and other related characteristics. 
Agricultural districts shall include activities or uses as 
characterized by the cultivation of crops, orchards, forage, and 
forestry; farming activities or uses related to animal husbandry, and 
game and fish propagation; services and uses accessory to the above 
activities including but not limited to living quarters or dwellings, 
mills, storage facilities, processing facilities, and roadside stands for 
the sale of products grown on the premises; agricultural parts and 
open area recreational facilities. 
Conservation districts shall include areas necessary for 
protecting watersheds and water sources; preserving scenic and 
historic areas; providing park lands, wilderness, and beach; 
conserving endemic plants, fish, and wildlife; preventing floods and 
soil erosion; forestry; open space areas whose existing openness, 
natural condition, or present state of use, if retained, would enhance 
the present or potential value of abutting or surrounding communities, 
or would maintain or enhance the conservation of natural or scenic 
resources; areas of value for recreational purposes; and other related 
activities; and other permitted uses not detrimental to a multiple use 
conservation concept. 
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The use of an area for the 
production of electrical energy from 
exploration, development and 
geothermal sources within a 
geothermal resource subzone shall be governed by the Board of Land 
and Natural Resources within the conservation district and by existing 
State and County statutues, ordinances, and rules within the 
agricultural, rural, and urban districts, except that no Land Use 
Commission approval shall be required for the use of subzones. 
In addressing the compatibility of geothermal activity within 
a conservation district, we must first recognize the various land use 
districts. There are four major land use districts in which all lands in 
the State of Hawaii are placed: urban, rural, agricultural, and con-
servation. The lands designated as conservation have also been 
labeled conservation under the respective county general and 
community plans. The conservation area is further divided into five 
sub zones: protective (P), limited (L), resource (R), general (G), 
and special ( SS) . 
The protective subzone has as its objective the protection of 
valuable resources in such designated areas as restricted watersheds; 
marine, plant, and wildlife sanctuaries, significant historic, archaeo-
logical, geological, and volcanological features and sites; and other 
designated unique areas. The limited sub zones are designated areas 
where natural conditions suggest constraints on human activities. The 
objective of the resource subzone is to develop, with proper manage-
ment, areas to ensure sustained use of the natural resources of those 
areas. General subzones are open space where specific conservation 
uses may not be defined, but where urban use would be premature. 
Special subzones are specifically designated areas which possess unique 
developmental qualities which complement the natural resources of the 
area. 
Conservation districts constitute a large percentage of the 
potential resource areas. Each area within the conservation district 
has permitted uses. In each of the areas mentioned; protective, 
limited, resource and general; the use of the area for "monitoring, 
observing, and measuring natural resources" is permitted. In this 
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respect exploration of geothermal resources can be allowed in a 
conservation district. The development of these resources within a 
conservation district which, allows "governmental use not enumerated 
herein where public benefit outweights any impact on the conservation 
district" is therefore permitted and can eventually lead to 
greater Statewide benefit. In managing the uses of conservation 
lands, careful analysis of the proposed use is required. Thus, only 
when the benefits of the proposed use is determined to be greater 
than any repercussions on the land will the use be permitted. 
The compatability of geothermal development with the 
proposed land uses outlined in each respective county's general plan 
can be determined with respect to the various land use categories. 
One of the general objectives set forth in the County General Plans is 
to "protect and encourage the utilization of the County's limited prime 
agricultural lands" and promote "uses of land meeting the social and 
economic needs of the people". Thus, careful management of 
geothermal development in urban, rural and agricultural districts can 
insure compatability with the broad objectives and policies for long 
range development of the County. 
COMMUNITY CONCERNS 
Various channels and methods of community input are involved in 
the preliminary and future processes of geothermal resource 
development evaluation and actualization. The community surveys by 
the Puna Hui Ohana and by SMS Research, Inc. involved resident 
response and assistance in conducting 
In a study prepared by Dr. 
Professor of Sociology and Urban 
these surveys. 
Penelope A. 
and Regional 
Canan, Assistant 
Planning at the 
University of Hawaii, The Social and Economic Impacts of Geothermal 
Development in Hawaii, theoretical social impact assessment and 
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management models were suggested and discussed, 
of multi-disciplinary groups, "objective" and 
indicators, the inclusion of the planning process in 
along with the use 
"subjective" 
community 
models, and the prerequisite of site specification in social 
assessment. 
social 
process 
impacts 
Public informational meetings held by the State Department of 
Land and Natural Resources during the month of May and July, 1984 
on the Islands of Hawaii and Maui, encouraged public participation, so 
that the planning process may include, in the preliminary stage as well 
as later on in the process, as much input as possible from the public. 
Other sources and channels of community input include the 
planning processes, goals, objectives and 
formulated and adopted in community plans that 
County General Plans and the State General 
development policies 
become a part of the 
Plan and its input 
processes, as well as policies brought forth by representatives of 
people and communities in the State Legislature. 
During the course of the assessment, several public information 
and participation meetings were held and conducted by the staff of the 
Division of Water and Land Development. Following are the dates and 
places of community meetings held: 
May 8, 1984 - Hilo, Hawaii 
May 9, 1984 - Kahului, Maui 
May 29, 1984 - Hilo, Hawaii 
May 30, 1984 - Kahului, Maui 
July 10, 1984 - Puna Community Council 
July 11, 1984 - Volcano Community Association 
July 27, 1984 - Ulupalakua, Kanaio, Maui 
Island of Hawaii, Generally 
Support for geothermal resource exploration, development, and 
production on the island of Hawaii has been voiced by the Mayor, 
County Council, Chamber of Commerce, and several communities in the 
Puna area. 
Opposition has been expressed in specific phases of the overall 
development, such as emissions and noise emanating from geothermal 
-47-
resource activities, but not necessarily with development of geothermal 
resource energy as an alternate energy source for Hawaii. 
Puna Community 
Comments recieved at public information meetings in Hilo and at 
Puna indicate that geothermal resource activities, if done with due 
regard to local concerns, would not be detrimental to the area. 
Volcano Community 
Vocal opposition to geothermal resource development were 
generally expressed at all of the public information meetings. Adverse 
effects to forests, bird habitats, proximity to the Volcanoes National 
Park and the lowering of property values were highlighted. The 
current volcanic flows were cited as a potential hazard to development 
activities indirectly affecting the safety of nearby communities. 
Island of Maui, Generally 
Support was also expressed by the ~1ayor, County Council, 
Chamber of Commerce and the Maui Electric Company. Opposition was 
voiced by some residents living in the Ulupalakua and Kanaio areas. 
Ulupalakua-Kanaio Residents 
Residents of the Ulupalakua and Kanaio areas voiced their 
concerns at the public information meetings, citing adverse effects on 
the health of residents and disturbance to rural lifestyle. An 
arboretum located on the Vockrodt property in Ulupalakua was visited 
by the staff on invitation by the owners. 
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EVALUATION OF IMPACTS ON POTENTIAL 
GEOTHERMAL RESOURCE AREAS 
Kilauea Lower East Rift, Hawaii 
Potentials for Production. Commercially feasible quantities of 
steam have been confirmed by deep exploratory drilling on the lower 
rift zone. On the basis of positive geochemical and geophysical data 
and the recent eruptive and intrusive activity along the Kilauea East 
Rift Zone, there is a greater than 90% chance of finding a high 
temperature, i.e., greater than 125°C or 257°F, resource at depths 
less than 3 kilometers or approximately 9840 feet.. 
Prospects for Utilization. Based upon prior permit applications 
and developer activity, the prospects for utilization of both sub zones 
being proposed is considered good. 
Geologic Hazards. Historic lava flows have occurred in Kilauea's 
lower east rift zone in 1750, 1790, 1840, 1955, and 1960. Eruptions 
(and associated hazards of ash fallout, ground deformation, cracking, 
etc.) are expected to occur within this area in the future but the 
precise time and place is unpredictable. There may be some danger 
from tsunami and ground subsidence in coastal areas. 
Risk of loss resulting from geologic hazards is expected to be 
assumed by geothermal developers. Utilization of appropriate 
mitigation measures and careful site selection (outlined in "Hazard 
Mitigation Plans") should result in an optimum balance of safety and 
productivity. 
Social Impact. The principal social factors affected by geothermal 
development would be in terms of lifestyle, culture, and community 
setting as they are experienced in Puna. The impact is expected to 
be moderate and adverse conditions can be mitigated. Also important 
is the preservation of natural beauty and aesthetics, which could be 
achieved by well-planned siting, landscaping, and well-designed plant 
architecture. 
Environmental Impacts. The general impact of geothermal 
development to the environment will be in the areas of noise and air 
quality. These conditions are to be minimized and adverse impacts 
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mitigated by utilizing current technological equipment to muffle and 
filter. 
Compatibility of Development. A portion of the proposed Kapoho 
subzone includes two current Geothermal Resource Mining Leases, R-2 
and R-3, which were declared sub zones through Act 151, SLH 1984. 
The proposed Kapoho subzone rests within agricultural and 
conservation districts. Geologic hazards as outlined in Chapter 4 can 
be mitigated and adverse environmental conditions minimized. 
The existing HGP-A facility demonstrates that with careful 
planning geothermal development can be compatible with existing uses 
in this area. 
Economic Impact. Geothermal development within the proposed 
subzone will provide a measure of energy self-sufficiency and reduce 
the State's dependency on imported oil for electrical production. In 
addition, development of geothermal resources will generate added 
income and initiate additional jobs in the area. The construction 
industry may benefit should additional housing be needed to 
accommodate new workers. 
Kilauea Upper East Rift, Hawaii 
Potentials for Production. Currently available studies indicate 
that a geothermal resource is present along the entire length of the 
Kilauea East Rift Zone. On the basis of positive geochemical and 
geophysical data and the recent eruptive and intrusive activity along 
the Kilauea East Rift Zone, there is a greater than 90% chance of 
finding a high temperature, i.e., greater than 125°C or 257°F, 
resource at depths less than 3 kilometers or approximately 9840 feet. 
Prospects for Utilization. Based upon prior permit applications 
and developer interest, the prospects for utilization of the proposed 
subzone is considered good. 
Geologic Hazards. The proposed Kilauea Upper East Rift Zone 
subzone is in an area generally north of the rift zone axis. About 75% 
of this proposed subzone area has not been affected by historic lava 
flows. Every historic flow has flowed to the south with the exception 
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of the present Puu 'O' flows. Eruptions (and associated hazards of 
ash fallout, ground deformation, cracking, etc.) are expected to occur 
within this area in the future but the precise time and place is 
unpredictable. Volcanic activity which creates a hazard is also the 
source of geothermal heat required for power generation. The largest 
recent earthquake (magnitude 7. 2) occurred in 1975 about 5 km 
southwest of Kalapana. It resulted in cracking, subsidence, and 
tsunami. 
Geothermal development activities may occur once present volcanic 
activity ceases. Those areas that have been covered by recent flows 
are likely to be used for well sites, while safer northern areas are 
likely to be used for power generation facilities. Risk of loss 
resulting from geologic hazards is expected to be assumed by 
geothermal developers. Utilization of appropriate mitigation measures 
and careful site selection (outlined in "Hazard Mitigation Plans") should 
result in an optimum balance of safety an productivity. 
Social Impact. Social impacts related to geothermal development 
can be minimized with careful planning. In the volcano area, the 
principal social factors that may be affected by development activities 
are in terms of lifestyle, culture and community setting. 
The location of the proposed geothermal resource subzone is set 
back away from the Volcano community, Hawaii Volcanoes National Park 
boundaries, and the Wao Kele 0 Puna Natural Area Reserve. The 
preservation of natural beauty and aesthetics can be achieved by 
well-planned siting, landscaping, well-designed plant architecture, and 
proper mitigation measures. 
Environmental Impacts. The development of geothermal resources 
along the Kilauea Upper East Rift Zone will be limited to the proposed 
subzone area. The general environmental impact from development 
activities will be in the area of noise and air quality. These impacts 
are expected to be minimized and adverse conditions mitigated by 
utilizing current technological equipment to muffle and filter. Air 
quality within surrounding areas should not be impacted, since given 
the current level of abatement technology, developers will be required 
to comply with State Department of Health Air Quality Standards. 
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While a major portion of this proposed subzone area is situated in 
high quality native forest and bounded by an endangered species 
habitat, only 25% of the total flora and fauna habitat in the Kahaualea 
area has been proposed for subzone designation. 
Site development may impact the endangered O'u habitat and 
native forest, but with careful planning and minimal removal of 
vegetation and trees, development activities should not significantly 
threaten existing flora and fauna. 
Compatibility with Land Uses. The proposed subzone area is 
situated within LUC classified "conservation, limited" land. While 
geothermal development is considered to have a significant impact, each 
area within the conservation district has permitted uses. In each of 
these subzones, Protective, Limited, Resource, and Generalj the use 
of the area for "monitoring, observing and measuring natural 
resources" is allowed. In addition, the use of lands within a 
conservation district in which "governmental use not enumerated herein 
where public benefit outweighs any impact on the conservation district" 
is permitte "l. In this respect, geothermal related activities can be 
allowed in a conservation district and the development of these 
resources lead to widespread public benefit. 
Utilizing buffer zones, the Hawaii Volcanoes National Park and the 
Natural Area Reserve has been excluded from the proposed subzone. 
In addition, mitigation measures will be required in the conservation 
district before geothermal development is permitted. 
Economic Impact. Geothermal development within the proposed 
subzone will generate added income and create additional jobs. The 
need for additional housing to accommodate new workers should benefit 
the local construction industry. 
Most importantly, geothermal development activities will promote 
energy self-sufficiency and reduce the State's dependency on imported 
oil. 
Kilauea Southwest Rift, Hawaii 
Potentials for Production. On the basis of positive geophysical 
data, recent volcanic activity, and consideration given to the absence 
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of any significant groundwater chemical anomalies, it was estimated 
that there was a greater than 90% chance of finding a high temperature 
(greater than 125°C) resource at depths less than 3 kilometers. 
Prospects for Utilization. Based upon available information, it is 
uncertain as to whether developers would drill within the Pahala 
resource area. 
Geologic Hazards. Historic lava flows have occurred in Kilauea's 
southwest rift zone in 1823, 1868, 1919, 1971, and 1974. Eruptions 
(and associated hazards of ash fallout, ground deformation, cracking, 
etc.) are expected to occur within this area in the future but the 
precise time and place is unpredictable. There may be some danger 
from tsunami and ground subsidence in coastal areas. Recent 
earthquakes with magnitudes above 6 have occurred in the saddle area 
between Mauna Loa an Kilauea, the largest being of magnitude 6. 7 in 
November 1983. 
Social Impacts. Preservation of the natural setting can be 
achieved through careful planning and mitigation measures. 
Geothermal development should have little impact on aesthetics in the 
potential resource area. 
Environmental Impacts. The impact of geothermal development to 
the environment will be in the area of air quality. This impact is 
expected to be minimized by current abatement technology. 
Compatibility with Land Uses. The assessed resource area is 
currently classified as "conservation, resource" and "agriculture" by 
the State Land Use Commission. Potential impacts that may occur from 
geothermal development can be mitigated by careful planning and 
siting. 
Economic Impacts. Geothermal development in the resource area 
will provide a measure of self sufficiency, reduce oil imports and bring 
added income and new jobs. 
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Mauna Loa Northeast Rift, Hawaii 
Potentials for Production. Based on available data it was 
estimated that there was a 35% or less chance of finding a high 
temperature (greater than l25°C) resource at depths less than 3 
kilometers. 
Prospects for Utilization. It is uncertain as to whether 
geothermal development activities will take place in the resource area. 
Geologic Hazards. Historic lava flows have occurred in Mauna 
Loa's northeast rift zone in 1852, 1855, 1880, 1899, 1935, 1942, and 
1984. Eruptions (and associated hazards of ash fallout, ground 
deformation, cracking etc.) are expected to occur within this area in 
the future but the precise time and place is unpredictable. Recent 
earthquakes with magnitudes above 6 have occurred in the saddle area 
between Mauna Loa and Kilauea, the largest being of magnitude 6. 7 in 
November 1983. 
Social Impacts. Geothermal development should have little impact 
on aesthetics in the resource area. In addition, preservation of the 
natural setting can be achieved by · proper planning and mitigation 
measures. 
Environmental Impacts. There would be a potential impact upon 
the environment in the areas of air quality and noise. These 
conditions are expected to be mitigated by utilizing current 
technological equipment to muffle and filter. 
Any development in the resource area may have an impact on the 
existing flora and fauna. Some 60% of the assessed resource area 
consists of Category 1 forests, "exceptional native forest; closed 
canopy, with over 90% native cover".. The forest area also provides 
habitat for various endangered bird species: Hawaiian Creeper, Akepa, 
Akiapola'au, 'O'u, and the Nene. This impact is expected to be 
minimized by proper planning and current abatement technology. 
Compatibility with Land Use. Some 75% of the assessed resource 
area is presently classified as "conservation, protective" lands under 
the State Land Use District Classification. Geothermal development is 
expected to have some potential impact that can be mitigated by careful 
planning and proper siting. 
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Economic Impact. Geothermal development activity in the potential 
resource area should enhance employment. Additional housing may be 
needed to accommodate new workers. 
Mauna Loa Southwest Rift, Hawaii 
Potentials for Production. On the basis of historic volcanic 
eruptions, seismic activity and taking into consideration the absence of 
any other significant geophysical or geochemical anomalies, it was 
estimated that there was a 35% or less chance of finding a high 
temperature (greater than 125°C) resource at depths less than 3 
kilometers. 
Prospects for Utilization. It is uncertain as to whether 
geothermal development activities will take place in this resource area. 
Geologic Hazards. Historic lava flows have occurred in ~launa 
Loa's soutwest rift zone in 1868, 1887, 1907, 1916, 1919, 1926, and 
1950. Eruptions (and associated hazards of ash fallout, ground 
deformation, cracking, etc. ) are espected to occur within this area in 
the future but the precise time and place is unpredictable. Recent 
earthquakes with magnitudes above 6 have occurred in the saddle area 
between Mauna Loa and Kilauea, the largest being of magnitude 6. 7 in 
November 1983. 
Social Impacts. Geothermal development within the assessed 
resource area is expected to cause potential changes in the aesthetics, 
lifestlye, culture and community setting. The impact of development 
activities should be minimized by proper planning and mitigation 
measures. 
Environmental Impacts. There would be a potential impact on the 
air quality from geothermal resource development. In addition, impacts 
may occur on the fauna in this area. Approximately 50% of the 
resource area encompasses endangered bird species (Akepa, 
Akiapola'au and the Hawaiian Creeper) and mitigation measures must be 
implemented before development can occur. 
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Compatibility with Land Use. The assessed resource area is 
currently classified by the State Land Use Commission as "conservation 
limited" and "agriculture". Development activity may have potential 
impacts that can be mitigated by careful planning and proper siting. 
Economic Impact. Employment should increase if geothermal 
development takes place within the area. The construction industry 
may benefit should additional housing be needed to accommodate new 
workers. 
Hualalai Northwest Rift, Hawaii 
Potentials for Production. Based on positive geothermal indica-
tions from geophysical data (resistivity, magnetics, and self potential) 
and the geologic age of vents along the upper rift and summit, there 
is an estimated 35% or less chance of finding a high temperature 
(greater than l25°C) resource at depths less than 3 kilometers. 
Prospects for Utilization. It is uncertain as to whether 
geothermal development activities will take place in this resource area. 
Geologic Hazards. The only historic eruption of Hualalai occurred 
in 1801. It produced two large flows covering 46 km2 east and north 
towards the ocean. Several thousand earthquakes, from a source 
beneath Hualalai, shook the island in 1929. Eruptions and earthquakes 
(and associated cracking, fallout, subsidence, etc.) may occur here in 
the future but it is not possible to predict the precise time and place 
of future activity. 
Social Impact. The impact on aesthetics in the resource area is 
expected to be mitigated by careful planning and siting. 
Environmental Impacts. Approximately 10% of the resource area 
consists of Category 1 forest, "exceptional native forest with over 90% 
native canopy cover". The endangered fauna which inhabit the forest 
include the Alala, Hawaiian Creeper, Akepa and the Nene. Develop-
ment in this area may have an impact on the flora and fauna. In 
addition, potential impacts may occur in the areas of air quality and 
noise. These impacts should be mitigated in order to minimize any 
adverse effects. 
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Compatibility with Land Use. The assessed resource area is 
currently classified as "conservation, protective & resource" under the 
State Land Use District Classification. Geothermal development in this 
resource area may have potential impacts that can be mitigated by 
proper siting and careful planning. 
Economic Impact. Development activity in the geothermal resource 
area would create an increase in employment and additional housing 
may be required. 
Haleakala Southwest Rift, Maui 
Potentials for Production. Based on the historic 1790 eruption 
and results of deep resistivity soundings, it was estimated that there 
is a 25% or less chance of finding high a temperature (greater than 
125°C) resource at depths less than 3 kilometers. 
Prospects for Utilization. Based upon developer interest and 
activity, the prospects for utilization of the proposed subzone area is 
good. 
Geologic Hazards. Flows range from 200 to 20,000 years old. Six 
flows have erupted in this area within the last 1000 years. Based on 
past activity, the average rate of eruption is one per 150-200 years. 
The last flow occurred in 1790 by the coast; it was the largest 
(6 km2) of the more recent flows. The risk from volcanic hazards 
includes dangers from lava flows and other attendant phenomenon such 
as pyroclastic fallout, cracking, subsidence, and swelling. There may 
be some danger from tsunami in coastal areas. The most recent 
earthquake near Maui occurred in 1938, 40 miles off the northern coast 
of East Maui. Haleakala' s eruptive history suggests that an eruption 
could occur on Haleakala within the next hundred years. However, 
there is no way to predict a specific time or place of the next 
eruption. 
Risk of loss resulting from geologic hazards is expected to be 
assumed by geothermal developers. Utilization of appropriate mitiga-
tion measures and careful site selection (outlined in "Hazard Mitigation 
Plans") should result in an optimum balance of safety and 
productivity. 
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Social Impacts. Geothermal development activities will have an 
effect on the lifestyle, culture and way of life for those residents 
living near Ulupalakua and Kanaio. The aesthetic impact of geothermal 
facilities within the proposed subzone must be minimized by careful 
siting, landscaping and architectural design. Mitigation measures will 
be required to protect the natural beauty and aesthetics of this area 
before geothermal development is permitted. 
Environmental Impacts. Geothermal development in this area will 
be required to utilize abatement systems that meet the proposed State 
Department of Health air quality standards. Air quality within 
surrounding areas should not be impacted and little or no effects are 
expected on the existing flora and fauna habitats. 
While air quality and noise will have an impact on the 
environment, these conditions are expected to be minimized and 
adverse conditions mitigated by using current technological equipment 
to muffle and filter. 
Compatibility with Land Use. The assessed resource area is 
classified by the State Land Use Commission as "agriculture" and as 
"conservation, protective, general & resource". Any potential impact 
from geothermal development can be minimized by careful planning and 
mitigation measures. 
Economic Impacts. Geothermal development within the proposed 
subzone area will provide a measure of energy self-sufficiency, reduce 
oil imports, bring about added income and provide additional jobs. In 
addition, the need for additional housing to accommodate new workers 
may benefit the local construction industry. 
Haleakala East Rift, Maui 
Potentials for Production. Based on the geologic age of the Hana 
Series lava flows, there is an estimated 25% or less chance of finding a 
high temperature (greater than 125°C) resource at depths less than 3 
kilometers within the Haleakala East Rift Zone. 
Prospects for Utilization. It is uncertain as to whether 
developers would drill for geothermal resources in this assessed area. 
-60-
Basis for Evaluation 
Potentials for Production 
Prospects for Utilization 
Figure 8. ,EVALUATION OF IMPACTS ON r:TE:<TIAL GEOTHEPJ1AL RESOURCE SUEZO:lE AREAS 
--~------~--------------~I=s~l~and~of Hawaii 
Kilauea East Kilauea Mauna Loa 
Lower Upper Southwest Southwest 
Mauna Loa 
Northeast 
+90% +90% +90% 35% 35% 
good good uncertain uncertain uncertain 
Hualalai 
Northwest 
35% 
uncert<dn 
Island of Maui 
llaleakala Haleakala 
East Southwest 
257. 257. 
cncertain good 
---------------------------·-------------------------------------------------·-~----------------------------------------------------------------------------
Geologic Hazards Impacts 'i '' 
Lava Flows " X X 
Pyroclastic Fallout 
Ground Cracks X 
Ground Subsidence X 
Earthquakes 
• Tsun2I!Ii 
• 
Social Impacts 
Health 
Noise X X 
Lifestyle, Culture, Corn:ounity Setting X X X 
Aesthetics X X .X X X XX XX 
Environmental Impacts 
.Meteorology 
Surface Rater 
Ground Water 
Air Quality X X X X X X X X 
Floz:a and Fauna XX XX XX XX XX 
-. Water Quality 
Culture and Archaeological Values 
Scenic and Aesthetic Values X X X X X X XX 
Recreational Values 
Compatibility of Development 
State Land Use Districts XX XX XX XX 
County Zoning 
Surrounding Areas 
Present Land Uses 
Economic Impacts 
Public Revenue Sources 
Public Service Costs 
Employment X X X >: X X X X 
Housing X X X X X 
-------------------------------------------------------------------------,-r------•a•·------------------------------------·-------------------------------------
Key: 
+90~~greatcr th3n 90: 25%•25% or less x•moderate iu,>act el:pectcd xx•signific3nt impact expected 
-62-
Geologic Hazards. The most recent flow on the east side of 
llaleakala is just north of the geothermal resource area between 
Olopawa and Puu Puou; it is about 500 years old. Based on past 
activity, the average rate of eruption is one per 10,000 years. The 
risk from volcanic hazards includes dangers from lava flows and other 
attendant phenomenon such as pyroclastic fallout, cracking, 
subsidence, and swelling. The most recent earthquake near Maui 
occurred in 1938, 40 miles off the northern coast of East Maui. There 
may be some danger from tsunami in coastal areas. 
Social Impacts. The potential effects on lifestyle, culture, and 
the community due to geothermal development activities, as well as the 
impact on aesthetics is expected to be minimized. The visual impact of 
geothermal development can be mitigated by proper citing and 
planning. 
Environmental Impacts. Air quality and noise may have an impact 
upon the environment. However, the effects on flora and fauna within 
the resource area will be minimized by utilizing mitigation measures. 
Approximately 50% of the area is Category 1 forest, "exceptional native 
for-est, closed canopy with over 90% native cover". The forested areas 
provide habitat for three endangered forest birds: Maui Parrot bill, 
Crested Honeycreeper, and the Akepa. 
Compatibility with Land Use. The assessed resource area is 
presently classified as "conservation, protective" under the State Land 
Use District Classification. Geothermal development in this O.i'<OO. ;uay 
have potential impacts that can be mitigated. 
Economic Impacts. Development within the geothermal resource 
area will provide additional jobs for the community. Additional housing 
may be required to accommodate new workers. 
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CONCLUSIONS ON POTENTIAL GEOTHERMAL RESOURCE AREAS 
The assessment of Hawaii's geothermal resources involved the 
analysis of available scientific information. To initiate this activity the 
Department enlisted the help of a technical committee comprised of 
scientists in fields of geophysics, geochemistry, geology, engineering 
and hydrology. This committee conducted a county-by-county assess-
ment of Hawaii's potential geothermal areas based on currently available 
geotechnical information. Twenty separate areas were identified and 
studied. Of these, seven areas were identified and mapped as having 
high temperature geothermal resources of 125 degree celsius or 257 
degree fahrenheit at depths less than 3 kilometers or 9840 feet. Five 
areas are located on the island of Hawaii and two on Maui. Five other 
areas in the State were identified as having low temperature geothermal 
resources of less than 125 degree celsius. These areas are located on 
the islands of Hawaii, Maui and Oahu. 
Examination of the seven areas relative to social, economic, 
environmental, geologic hazards, and compatibility with land uses 
reveal several impacts that may result from the exploration, 
development and production of geothermal resources for electrical 
power generation. Weighting of the assessment factors was based upon 
a balance rather than a sequential priority as specified in Act 296, 
SLH 1983. 
Considered also in the evaluation of impacts was the proVlslons of 
Chapter 226, the Hawaii State Planning Act. The statutory objective, 
"increased energy self-sufficiency" and statutory policies "accelerate 
research development and use of new energy sources" and "promote 
the use of new energy sources" were considered. Additionally, the 
State Energy Plan developed as one of the Hawaii State Planning Act's 
twelve Functional Plans specifies the need to develop alternate energy 
resources, including direct solar energy; indirect solar energy such as 
wind, hydropower potentials, biomass, and ocean thermal differences; 
and geothermal energy. 
After evaluating the seven potential geothermal resource areas on 
the basis of resource availability, prospects for utilization, geologic 
hazards and examining the social, environmental, compatibility, 
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the statutory State energy economic concerns, and 
objectives and policies; 
deserving consideration 
subzones by the Board of 
considering 
the following 
for designation 
sites 
as 
were determined as 
geothermal resource 
Land and Natural Resources: 
Kilauea Lower East Rift, Hawaii 
Kilauea Upper East Rift, Hawaii 
Haleakala Southwest Rift, Maui 
The above areas have the following common desirable elements for 
the exploration, development, and production of geothermal resource 
energy: 
* potential for developing geothermal resources. 
* interest in exploration, development and production of geothermal 
resource energy. 
* commitment towards geothermal resource energy as a viable alter-
nate energy source for Hawaii. 
* advanced technology in geothermal resource development, such as 
emission control system, noise control systems, well and power 
plant designs, and safety provisions from lava flows, reduces the 
concerns for public health and safety. 
* potential degradation to the environment has been fully 
investigated and mitigation measures considered. 
RECOMMENDED SUBZONES 
Based upon the assessment of geothermal poential in the State of 
Hawaii, the evaluation of social impacts, economic impacts, 
environmental impacts, geologic hazards and the compability with land 
uses, including community concerns and the state of technology in 
geothermal resource developments, it is recommended that the Board of 
Land and Natural Resources designate the Kilauea Lower East Rift, 
Island of Hawaii, Kilauea Upper East Rift, Island of Hawaii, and the 
Haleakala Southwest Rift, Island of Maui as geothermal resource 
sub zones. 
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A description of the areas follows: 
Kilauea Lower East Rift, Island of Hawaii 
The area shown in Figures 1 and 2 identifies two separate 
sites--the Kapoho section and the Kamaili section. The probability of 
locating high temperature geothermal resources is estimated to be 
greater than 90 percent and the prospect for development and produc-
tion of electrical energy is good. Relatively recent volcanic flows in 
the 1960's and 1970's indicate the availability of geothermal resources 
in the area. Active exploration and development currently underway 
also attest to the availability of geothermal resources. 
The Kapoho Section, approximately 5939 acres lies adjacent to two 
subzones established by the Legislature in Act 151, SLH 1984. The 
extreme eastern end of the proposed Kapoho section is zoned in 
conservation due to relatively recent lava flows with the rest of the 
area zoned in agriculture. The northern boundary is buffered by a 
2000-foot area where sensitive forest areas are located. The western 
end abuts Leilani Estates, a sparsely 
southern boundary generally follows 
probability line. 
populated 
the 90 
subdivision. The 
percent resource 
The area includes 279 acres of an existing Geothermal Resource 
Mining Lease R-4 issued to Puna Geothermal Venture. 
The existing subzones are identified by Geothermal Resource 
Mining Lease R-2 issued by the Department of Land and Natural 
Resources for approximately 816 acres to Kapoho Land Partnership, 
subleased to Puna Geothermal Venture (Thermal Power Company, 
Dillingham, Inc. and Amfac) and Geothermal Resource Mining Lease R-3 
issued to Barnwell Geothermal Corporation by the Department of Land 
and Natural Resources for approximately 769 acres. The two subzones 
are zoned agriculture by the State Land Use Commission. 
The Kamaili Section comprised of 5519 acres, is entirely located in 
agricultural zoned lands. A Natural Area Reserve System (NARS) area 
is located west of the area and Leilani Estates lie to the east. The 90 
percent probability line is to the south. A 2000-foot buffer area has 
been provided to separate the NARS area to the proposed Kamaili 
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Section and the conservation district lands lying to the southeast 
having high quality native forest serve to buffer a portion of the 
proposed Kamaili area from Leilani Estates. 
Kilauea Upper East Rift, Island of Hawaii 
This area of approximately 5300 acres shown in Figure 3 has a 90 
percent or greater probability of locating high temperature geothermal 
resources and the prospect of utilizing the resource is good. 
Impacts expected to be encountered include the proximity to the 
Kilauea Volcanoes National Park to the west and the Natural Area 
Reserve System designation to the east. Additionally, the endangered 
bird O'u has been identified to habitat the area and high quality 
native forest are located north of the rift zone. Other impacts include 
scenic and aesthetic values, air quality, employment and housing 
needs. 
Since early 1983, intermittent volcanic activity centered at Puu 0 
has been taking place in the proposed subzone area. The location of 
geothermal wells and power plants will be carefully sited on cooled or 
latent lava flows. When the current eruption activity has ceased, 
drilling and construction can take place at the risk of the developers. 
The area includes the Board of Land and Natural Resources 
authorization for a Conservation District Use Application to the Estate 
of James Campbell for the exploration of geothermal resources. 
In consideration of mitigating the significant impacts expected to 
be encountered, the proposed area provides for a 2000-foot buffer 
zone to both the Volcanoes National Park and the Wao Kele 0 Puna 
Natural Area Reserve. The proposed subzone area includes only a 
small portion of the natural forest and encroachment has been 
minimized to concentrate development activities towards the rift or 
volcanic flow areas. By limiting the range of the northern boundary, 
75% of the potential resource area remains protected and maintained as 
high-quality native forest. 
Other potential impacts may be mitigated by subsequent State and 
County permitting processes on a case-by-case basis. 
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Haleakala Southwest Rift, Island of Maui 
The area covering 4154 acres shown in Figure 4 has a 25 percent 
probability of locating geothermal resources. It appears to offer the 
best site on Maui and the prospect for utilizing the resources is good. 
Impacts expected are to scenic and aesthetic values. Impacts 
include noise, lifestyle, culture and community setting, air quality, 
employment and housing needs. 
These impacts may be mitigated through subsequent State and 
County permitting processes on a case-by-case basis. 
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Figure 14. 
PROPOSED GEOTHERMAL 
RESOURCES SUBZONE 
KILAUEA LOWER EAST RIFT 
( KAMAILI SECTION) 
Island of Hawaii 
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APPENDIX A - ACT 296, SLII 1983 
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BE IT E'HCTED BY THE LEGISLATURE OF TilE STATE OF HAWAII' 
SECTIL!I 1. The legislature finds that the development 
c:::j explora~Icn of Hawaii's geothermal resources is of 
s~~te~1de co~cern, and that this interest must be balanced 
Wlt~ 1::teres~s In prese=v1ng Hawaii's uniGUe social and 
~~t~ral cn~ironrent. T~e pur~ose of th1s Act is to prOVIde 
a :c2.1cy tt-.c.~ w1ll ass1st 1n the location of gt::othermal 
resc~=c~s de~·elcF~ent In areas of the lcwest potential 
S£C7I::J 2. Sec~10n 182-4, Hawc1i Pev1sed Statutes, is 
a~~nded t~ re3d as follcws: 
"5182-4 MlfHna leases en S"-ate lands. ~ If any 
ni:v:;ral is disccvered cc known to exist on state lands, any 
Interested person n~y noti!y the board of land and natural 
rescc:-ces at'. his Ces1:-e to ap?lY for a 1:1inins l.::!ase. 
' 
The 
notice shall be accocFanied ty a fee of 5100 together with a 
descriFtion of the l~nd desired to te leased and the 
s:-v,-coua 
1'.1].:<"~~~~~~--
s. i.l. 
ll.r. 
C.L 
minerals involved and such 1n!o•~at1on ond m3ps as the toard 
by regulation may presc=ibe. As soon es practic~ble 
thereafter, the board shall C3~se a notice to 1pe published 
' in a newspaper of general circulation In the county wher~ 
the lands are located, at least o~ce In each o! t~ree 
6 successive weeks, setting forth the descript1on of the lc~d. 
3 
' 
10 
" 
IJ 
II 
" 
and the minerals riesired to be le=sed. The board ~ay hold 
the public auction of the m1ning lease within six mont~s 
from the date of the fi:-st publication of notice o:- sue~ 
further t~me as ma~· be reasonably nec~ssary. ~hether or ~ct 
the state land sou~ht to be auctio~ed IS then being ut~~~=e! 
or put to some pro~uct1ve ~se, the bodrd, after ciue notice 
of public hearing to all ~==-~les 1n l~te:-est, wit~ln s~x 
weeks from the date of the !1:-st p~blicatlon of notice o:-
such further time as may be reaso~~bly necessary, shall 
d.etermine "'·hether the pro?~sed mi:-ung OFer.J.tlon or the 
existing or reascnably foresee=ble future use of the la~C 
would be oi greater bene!It to the State. If the boa:--;! 
determines that the exist1~9 or reasonably fcreseeable 
future use would be of sreater bene~lt to the State than the 
proposed mining use of the land, it shall disapprove t~e 
application for a m1n1ng lease of the land Withou~ putt~ng 
the land to auction. 
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Tr.e board shall determine the area to be offered for 
';ll;] 
S.D. 
ll. D. 
C.D. 
leGse and, after due notice of public hearing to all parties 
in lnterest, may modify the boundaries of the land areas. 
At least thlrty days prior to the holding of any public 
auctlon, the board shall cause a notice to be published in a 
newsFaper of general circulation in the State at least once 
1~ ~ach of three successive weeks, setting forth t~e 
descr1pt1on of th~ land~ the minerals to be leased, and the 
t1~e ~nd place of the auct1on. Bidders at the public 
auct1on rnay be requ1red to bid on the amount of annual 
rental to be pa1d for the te~ of the mining lease based on 
an upset pr1ce f1xed by the board, a royalty based on the 
s~css proceeds or net prof~ts, cash bonus, or any 
ccr~1nat1on or other basis and under such terms and 
ccr.C1 t~cns C!.S r..ay be set by the board. 
1~1 Anv orovis~ons to the cont=arv notw1thstandino, if 
t~~ ~Pr~on who d:scovers the rn1neral discovers 1t as a 
result cf extlcration oer~1tted un~er sec::ton 182-6, and if 
that cerson btds at t~e publ1c auct1on on t~e mtntno lease 
for t~e rioht to m1ne the discovered mineral and is 
ur.s:Jccessful' 1n oCta~n1ng such lecse, that cerson shall be 
the exoloration of the land, excludina salaries, attornev 
fee's and leaal exoenses. The deoartment shall have the 
9VJ 
S.D. 
ILC. 
C.D. 
authoritv to review and aoo::-ove all exoenses Aond costs that 
may be reimbursed.~ 
SECTION 3. Chapter 205, Hawaii Revised Statutes, is 
amended by adding new sections to be appropriately 
de£i;nated and to read as follows: 
Geothermal ~esource Subzones. J!l 
Geothernal resou~ce subzones mav te cies1crnated Wlthin each 
of the land use Cistricts established under section 205-2. 
Onlv those areas desicnated as oeo~he=~al resource su~zcnes 
mav be utilized for the excloration, develooment, 
oroduction, and Cist~ibution of elect~ical ene=crv from 
aeothermal sources, in addition to those uses nern~tted in 
each land distr~ct under this ch~oter. 
fbi The board of land and natural re~ou~ces she!ll have 
the resconsibilltV for desior.atino i!reC!S as ceo::he~al 
resource su~zones as crovtded ur.der sect1on 205-
ciesianation of aeot~ermal resource sub:ones shell be 
coverned exclusivelv bv thls sect1on and section 205-
excect as crcvided therein. The board shall adcot, amend, 
n~1r-.tursed C·J the r-erson suCmlttlno the hlohest bld at or reoeal rules related to 1ts authOrltV to desicn,,te anJ 
p~bl1~ auct1on for t~e dire~t or Indirect costs 1ncurred in 
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r~~ulate t~e use of aeot~e~mal resource sutzones 1n the 
~a~~er crcv1de1 c~der chaoter 91. 
T~.~ i!Uthc:-It'l o! the board to desta:Jate ceoth~rmal 
,Cl 
S.D. 1 
I!. D. 2 
C .D. 1 
r~scur~e tutzc~ns shall b~ an exce~ticn to those orovistons 
c~ th1~ ctactar and cf section 46-4 authorlzina the land use 
c~.:----.lssicr. <!nd r:,e cour.t1es to es:.c.blish ar.d modifv lanri use 
~:E:.:-:c:.s a~d to reculate uses therein. 
lei 7te use cf an area for the exoloratJon, 
~~:elcc~~n:., crc~ucticn a~~/or d~stri~uticn of electrical 
s~-:c~e stall te ccver~ed b~ the beard w1th1~ the 
=-~:-:1, and urbar. districts, e~ce~t tha~ ~a land use 
c:-.:-.:sslcn a:;~roval shall be recu"r~d fa:- t~.e use of 
sc::zc:-.es, The board ~~d/cr accrc~~~ate cou~~·' aaencv shall, 
L=c~ rec~e5t, co~duc~ ~ contested c2se hear:~c ~ursu~nt to 
cr.~~!er 91 cr1or to t~e 1~s•:~nce of a oeGther~al re~ource 
[~r~!t rclat1~a to t~e cx~Jcrat~~n. ~e·:~lc~~e~t. croduction, 
~~~ ~lstrlbutlon of ele~trl-al enerc~ from cect!Jermal 
rescurces. The standard for deter~1~ino t~e we1aht of the 
e~1~e~ce 1n a co~teste~ ca~e proce~dlr.c ~.J]] be bv a 
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oreoonderance of I'Vldence. Ch~oters 18). 205A, 226, and 343 
shall aonlv a~ aonroor1ate. 
5205- De~Jcnat1or. of are~s as Geothe~al Resource 
sub~ones. Ia I Bc>ainnlna 1n 1983, the Co,1rC of lar:C and 
------
natural resources shall cor:duct a countv-bv-countv 
assessment of are<!s w1th aeother~al ooten':Ial for the 
pu~oose of des1anatina aeothP~mal resource sub~ones. Th~s 
a~sess~ent shall be rev1sed or \J~d~ted at the discretion 0~ 
the board, but at least once each five vears beai~n1na 1n 
1988. Any orooe~tv owner or r-erso~ Wl':~ an l~teres~ in re~l 
Ercre!:"tv WlShlna to have en are.'! c!es1cr.ated as a ceot~er-:oal 
re~ource subzone mav su~nlt a cet!~lcn for a oeot~e~a! 
resou!:"Ce s~bzone desic~ction 1n t~e ~or~ a~d man~er 
es~abllshed bv ru!es and r~cula~1c~s ~dccted bv t~e bo·r~-
An env1~or:~e~tal in~act sta~e~ent ~s defl~ed unde!:" chanter 
343 shall not be recu1re~ :or the asses=~e~t a: arecs u~de~ 
this s~ctJ.cn. 
)b) The board's assess~ent cf e>ch oot!'ntlal 
o~othermal resource sub~one area shall ex~m1ne factC!:"S to 
Include, but not be limlted to: 
Ill The area's ootent1al for the oroduction of 
oeothermal enerov; 
121 The orosoects for the u~il:=atlon of ceot~e=~al 
enerov ln the a!:"ea; 
S!'-V'. -coo e 
903 
S.D. 
B.D. 
C.D. 
I J I Tr.e qeoloaic hazards that POtential ceotr.e~al 
' 
pro1e~ts would encounter; 
141 Scc:..al and environmental ir:macts; 
15) T!":e ccr.::.at~bllit·l of qeothemal de•Jelocrr.ent and 
pote~t1a! related industries w1th or~sent uses of 
6 su~round1r.cr land and those uses per~itted unde~ 
t~e cene~al plan or land use colicies of .the 
cou~tv in which t~e area is located: 
9 16) The r;otential ec':."Jncr.tic benefits to be de!:"!ved from 
10 ceot~.e~.el de•,elocr:Jent and ootential related 
II i::Ct..:st:-!es; anC 
;p I~ (I) Tt-.e cor:-.catib!.llt'/ of ceother:nal Ce•Je!oome~t and 
I IJ 
"' 
pcte~t~al related inCust:-:es w1th the uses 
" 
f€r~ltted u~der SECtions 183-41 and 205-2, where 
" 
the area f3lls ~lthln a co~servat1on dlst~Ict. 
In In a~dit:on. the toa~d shall C8~Sider, if aoolicable, 
" 
cc~e~:::ve!':. colicies and ouideli!"les set f::nt~ b ca:-t I of 
" 
c~~~~er 205h, ~~d t~e orOVIslons of chacter 226. 
I,, lc) Met~ods for assess1na the fac~o:"s in subsec~~on 
';'f) ltl shall be left to the discretion of the board and mav te 
" 
bdsed on cuirentlv available oublic infor~at1on. 
"' I d) A!ter t~e board has comoleted a ccunt~-bv-countv 
:'3 a~~ess~ent of all areas With oeothermal ootent1al or after 
'' 
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anv subseouent ucdate or review, the board shall comoare all 
areas showino oeothermal potetJtial Within e:J.ch countv, and 
shall orooose areaS for potential deS1Cndti00 es oeoth€~~~ 
resource subzones !Jased uoon a orelininarv findino that t~e 
areas are those Sltes WhiC~ best de~onstrate an acceot~b!a 
balance between the factors set forth in subsection (bl. 
Once such a orooosal is made, the board shall conCuc~ ouClic 
hear1ncs oursuant to this subsection, notwithst~ndina a~v 
contrarv proVlSlOn related to oublic he3rino oroceCures. 
Ill Hearinos shall be held at locations which are in 
close oroximitV to t~ose are~s orcoosed for 
deslanation. A public notice cf he3rln~. 
includina a descr1otion of t~e orcnosed areas, en 
invitation for oublic ccr.'~':'e:lt. and a stcterr.c~t cf 
the date, t1me, and olace ··•here ~erso:1s mav l:::e 
he~rd shall be oublishe~ and mai_~d r.o less tr.a:1 
twe!"ltv davs before the he3rl~C. T~e not:ce sh3ll 
be oublished on three seoarate davs 1n a newscdC•'r 
of aeneral Circulation St3te-~lde 3nd In the 
countv in which the hear1no is to be h~!d. C::;:::~es 
of the notice shall be ma~led to the decart~ent a: 
plann1no and econom1c develoc~ent, and t~e 
SMA-COOS 
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cou~tv in which the prooosed areas arc located. 
The hear1~0 shall be held before the board, and 
the authcr1ty to conduct hear1nas shall not be 
delccated to anv aoent or reoresentat1ve of the 
~· G J 
S.D. 
fl. D. 
c.o. 
beard. All oerscns and aoencies shall be af!orded 
t~e o~s~rtunltV to subm1t data, views, znd 
ar~11~e~ts eith~r orally or in writina. The 
~t~art~ent o! olann1no and economic develco~ent 
and t~e countv olann1no de~artnent shall be 
re-:C::'""u-.e:o.catlor.s ccncernino each crouosal bv the 
ht tte c!cse o! the hearing, the bodrd nav 
~~s1crate areas as ceothermal resource suhzones or 
a~no~nce t~e date on which it Wlll render its 
dec!sicn. The board nav dcstcnate are~s ~s a 
cesther::1al resource subzones cnlv ucon f~ 
that the areas are those sites which best 
demonst~ate an acceotable balance between the 
fbctors set fcrth in subsection fbi. Uoon 
re~uest, th~ to~rd sha:l lS~ue a concl~e s:at~ment 
~!ll-.-COC..·B 
1 G 
!'.<~::c _______ _ 
S.J. 
I!. D. 
C.D. 
of its find1nas and the or~nc!o~l reasons fc= 1ts 
decision to deslcn.lte a oartlcular area. 
le.!I ___ Toch0eccd0e~>c>, 1c"n"'a'tcicocn"-'o"fc_a"'ncvc_c~e0o~tch~e"'"m~o""l_crc'•~>oo~ucrc'~-0ecc>~u~c"'"ccnce~ 
mav be withdrawn bv the board of L1r:d and n.ltural resources 
after proceed1ncs conducted oursu.l~t to the orov!slons of 
chaoter 91. The beard shall Wlt~draw a des1cnat1on on~v 
area is no lonoer SUited for desicnaticn, orovidPd that tt.c 
cles1anation shall not be Wlthdra~n for areas in which ac~lve 
ex~loratJon, Cevelcoment, orcduction or d1strltUt!On of 
electrical enercv ~rom ceot~erPal sources IS tak1~0 clace. 
(f) Th1s Act shall not aoolv to anv active 
exoloration, develco~ent cr croduct!cn of elect=lc~l enerov 
!ro'Tl OL'Otherrnal sources tak1na olace on t~e e~~ectl\·e C2.te 
of the Act, orov1~ed that anv ex=ans1cn of such ac':lVlt:es 
shall be carried out 1n corrcl1ance Wlt~ 1ts rrovisions.~ 
SECTION 4. Statutory rnater1al to be repeal~d 1s 
bracketed. New material is underscored. 
SEC'l'ION 5. If ar:y provis1on of th1s Act, or the 
application thereof to any person or c~rcumstance is held 
invalid, the invalidity does not affect other prov 1 s1ons or 
3FplicatlOn5 of the A~t which C.ln be gt\·cn ettect ~lthcut 
SHA-C008 
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the 1nval1d provis1on or application, and to this end the 
~ prov~sicr.s of th1s Act are severable. 
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APPENDIX B - ADMINISTRATIVE RULES 
Title 13 , Department of Land and Natural Resources 
Sub-Title 7. Water and Land Development 
Chapter 184, Designation and Regulation of 
Geothermal Resource Subzones 
B-1 
tD 
I 
"' 
July 13, I'J84 
SUi.H.IAHY 
1Hio..: 13, AJr:.irlistr.J.tlve Rules, is amended by udding a new Chapter 
1.~~ ~·r•tltkd, "fk,lg-n:..tion und Regul:..twn of Ge(•therm;.~l Re~ource 
TITLJ: 13 
DEPAHT.\IEtlT OF LAND AND :-lATIIH -\1. ltESOURCES 
Stlll-TITLE 7. WATER A:W LWD DEVELOP:,JENT 
§13-ltH-1 
§IJ-l!l.t-2 
§ 13-18-1-3 
Clwptcr 184 
[)<·~il~nntion UTHI Hl.'~ulatinn of 
G,•uthl.'rmJI lte~.ourcc SubZUIIt.'S 
Subchapter I. G,mer:ll 
Purp>lSC 
DefinitiOns 
Subzone ubjcctivcs 
Subchapter " Designation of Goo>otllcrmal Resource Subzoncs 
§ 13-1 !l.J -4 
§IJ-134-5 
§13-184-6 
§13-184-7 
§13-184-8 
§13-184-9 
ft3-184-10 
Uoard initiated sub;:on.~ desH;-nations 
Landowner inltl<~ted sulH>Hie -designations 
Criteria for de~i1;nation of sulJzones 
Environmental imp:1ct st.ttement not required 
Notice and publk ilL•armg-s 
Decision of the LW;Ji'd 
r.lodificat!On and wtthdr31'1al of existing subzoncs 
SulH:h3pter J. Regulution of Geothermal nc,ourcl.' Subzon<'S 
§IJ-184-11 
~13-UH-1:! 
913-18·1-13 
Administrnlion of suhzoncs 
Conlf'~h~d c:L->L' h•'ILL'Ll!j;-> 
Ef(,•etive date uud <Lppli<.:o~lllllty 
II3-lll4-l 
Subchapter 
Genernl 
113-184-1 Purpose. The purpose of this chapter is to 
estabh!>h gutdehncs and procedures for the de'iignation and 
regulation of geothermal resource aubzones for the explorntion, 
discovery, development, and production of geothermal resources 
for electrical energy production and distribution within 
conservation, agricultural, rural, and urban districts. These 
guidelines and procedures are intended to assist in designating 
areas which have potential for geothermal resource development 
(or electrical energy production and which have an acceptable 
balance of the relationships o{ geothermal development to uses 
al!uwed in the land usc dnssifications, to present uses of 
surrounding lands, to potentinl benet1ts, and to impacts. 
[Eff. Aw;. 16, 19814 (Auth: tiRS §205-5.1) {lr.~p: HHS 
•:.o5-5.1J 
113-184.-2 Definitions. As used In this chapter: 
"Doard" means the board of land and natural resources. 
"Chairperson" means the chairperson of the board of land 
and naturul resources or a designated representative. 
"Department" means the department of lnnd and natural 
resources. 
"Geothermal resource" means the natural heat of the earth, 
the energy, in whatever form, below the surfnce of the enrth 
present in, resulting from, or created by, or which may be 
extracted from such natural heat, and all minerals in solution or 
other products oUtnined from naturally heated fluids, brines, 
$.learn and associated ga.ses, in whatever form, found below the 
surface of the earth. 
"Geothermal resource subzone" means any area designated 
by the board as provuJed in this chapter for use of geothermnl 
resource exploration, discovery, development, pror.luctwn ,and 
distr-ibution for useful purposes in addition to those uses 
permitted in each lar,d distnct under chapter 205 of the Hawaii 
Rev1sed Statutes. 
"GRS" means geothermnl resource subzone. 
"Operator" means any person as defined herein engaged in 
drilling, maintaining, operating, producing or managing any 
geothermal well and appurtenances, geothermal research facil.ity, 
and geothcr~nl production or utilization fncillty Including electric 
power plnnt. {Eff. AUG 1 ti !SBof ) (Auth: fiHS §205-5.1) 
(lr.lP: IIRS §205-5.1) 
184-2 
§ 13-1~H-.J 
§13-184.-3 Subzone obJectives. Tile estnh!ishment and 
reg-ldullon of geOthermal resoun'r~ ~ubznnes IS lnt._•ndP(! to 
(ncllit:Jt•~ the exp!ornt10n, development, .lnd use of ~~·otllcrmal 
re~ourct~S in those areas of the !":itate 1vllere such twtlvities 1:iU 
'>erve, in overall pcr'>pcctive, the b..:st lllll•rest of the State, 
prennsed upon the criteria ~et torth 111 St>•~t\On 13-lil41-ti. The 
majur obJectives nrc ' 
{ 1) To allow .the utilization tlf g-cothcrmul ent·r~y for 
beneficial purposes, purt!cularlv l'let'll'll"ill rowt'r 
~eneratton, wh1ch I'I"OU!d help acluev•• the State'., goal 
of energy self-sutliciency and broaden the State's 
economic base through development of a natural 
resource; 
(2) To <.~How geothermal exploration, discovery, develop-
ment, procJuctwn and utLliziltion acnvitit:~ to potenual 
<Jl' Known ~eothermnl Hl"cu,; ot" the ~t;1te J.-lwn• ,;ucll 
IJCtlVities would be of ~-rx·entcr bC"nefit to tiH' o.tatt• tl ... 11 
the cxistinl{ or reusonubly foreseeable future u,;c ut 
::,uch arcus; and 
(3) Tu ,dlol'l" g(!othermal explorntion, discovery, devl'lop-
ment, productwn .md utililation <H.:ti\'ltws to putcxltlal 
or l,;n01~·n geothermal ureas ot the :-itate which best 
demonstrate an accept;1bJe bnlance arilong the crnen~1 
set forth iu §13-lil~-ti. [Eff. AUG 1 I $H I (.-\utll~ 
III~S §21J5-5.1) (.Imp: IIHS L~05-J.l) 
Subchnpter -
Designation of Gt:utheJ·nwl Hesourcc Subloncs 
913-1!!4-4 Aonrd initiated subzone de,;il.':nation. £lef,rinnm!:(" 
111 19!1:1. nncl prior to tile designation ot uny iii"C<~ ,to, :l l-iCOtlll'l"llnl 
l"<''>•Hlt'Cl' subzone, the bourd shall first m:!l,t• ot· <~dli"><' ft) be• 
1.1m!t~ 11 county-by-county usscssnwnt ul thtlsC ill"\',JS wJtlnn the• 
~tal\~ wlticll hove pot(•tHlnl for !jcnthPJ'm:d •'\.plot·utwn, <.!Js,_·uvt•r•: 
development or production. The mt'\ll•Hh tu ll<.• u~l'd Jut· mdl\ltl.:;· 
tile nssessMents shull be left to tlu• discretion nl the lhJ.lr<~, 
provided that the btMrtl 'ihall .1::. .1 mmimum •'•lll-..l<kr tlte cJ·Jt•·n:t 
set forth 1n section 13-l!l~-U. The bu.1rd llid\" m ns dis.:r.•tJun 
lwse its methods ior ussessment on currently av;tilalJie pulil\c 
informatwn. \/here applienble, the IJOHI'cl -,hnll cnn:oidc•t· the 
(Jbjectivo:>s, policif'S un<! v;uHlelin('s -;et fnrth i11 i''lrt I ••l c:n:tptcr 
~OJA. IlKS and tlll~ provi.;ions of ch.tpt•·r .:~ti, li!:S. 
The mtiti.ll cotlltt::-hy-eount~· .tss•:s::.Jill:nl'> u! :!l'•':JS ""llh 
t;Puthr>rmul potenti;1l shall be revhed OI' upd;ttcd by the hn.tr<l 11 
!ca.,t once !.!Very ftve years beginn!nl{ 111 l~td, or ;Jt .tl\Y ksser 
interval ot y(~at·s ;tt the dis•:t·•:tlon of the bo<Jrd. 
(Elf. •s 16 1SB4 (:'l.uth: I!HS ~205-5 . .:) (J~,p: llltS 
O~U5-5.2l 
I M \·~J 
to 
I 
c.n 
113-184-5 
113-184-5 Landowner initiated subzone designation. In 
addition to designations mltlated by the board, any property 
owner, geothermal mining lessee, or person with an interest in 
real property may initiate an application for designation of any 
area with geothermal potential as a geothermal resource subzone 
by specifying the area to the board. The application shall be 
accompanied by the following information: 
(1) Names and addresses of the applicant, operator, owner 
of the geothermal mineral rights, landowner If not the 
same as the applicant, and the geothermal lease 
number, if applicable; 
(2) Evidence and certification that the applicant is 
qualified to submit such a petition, 
(3} An accurate description and map of the area desired to 
be designuted as a geothermal resource subzone; 
{4) A statement by applicant of the purpose, justification, 
and need for designation; and 
(5) An assessment report based on the criteria set forth In 
section 13-184-6 and any other Information to support 
the proposed designation, 
Applicatwns for geothermal resource subzones shall be 
submitted to the departMent for approval by the board. Each 
application shall be accompanied by a tiling fee of $100.00. The 
chairperson shaJI review the application for completeness and mny 
request additional information deemed necessary to process the 
application for board approval. The chairperson shall notify the 
applicant in writing of the acceptance of the cor:Jpleted 
application. \'iithin 180 days of the written notification of 
acceptance of the application, the board shall publish notice of 
and hold public hearings and render a deci!'.ion on designating 
any part or all of the area requested for desi~.,rnation as a 
~eothermal resource subzone. If the request for geothermal 
resource subzone is oemed, the board shall state its reason for 
its decision. If the board falls to hold a hearing and render a 
decision within 180 days after issuance of the notice of 
acceptance of the application, the application is dl:emed approved 
subject to the conditwns of section 13-184-11. 
(Eff. AUG II SB4 l (Auth: IHlS §205-5.2) <Imp: IIRS 
1205-5.2) 
113-184-6 Criteria for designation of subzones. The 
board, in designatwg an area as a geothermu( resource subzone, 
aha!! be guided by the selection of those areas thnt can 
demonstratt:! an acceptable balance among the criteria set forth 
below: 
(1) That the area has known or plausible potential for the 
exploration, discovery, or production of geothermal 
resource; 
184-4 
(:;) 
(3) 
(4) 
( 5) 
(h) 
~1J-IK4-)j 
That thet·e is a knowr. or likelv proo.;pl'ct !"or the 
utilizatiuu of geotherm111 resourr·es fn1' eledr·rc:Jl ~.meq;y 
produl'twn ilnd drstnbutron. 
That any potential ~enlog1c !wznrds to ge\'therm::d 
productron or us<! Ln the proposed .1r•~a 11re examined. 
Th .. !t nny l"ll\'ironmental or SOl'Htl 1mpacts ol the 
development of ~~···ntllerl'ml resource~ wrtlun the 
proposed .trcu be eonsrdet·ed; 
That the compatrbility 01 development anrt utilization n( 
II,<:Othermnl rc~ourel'~ w!thin the propost•d area is 
eon!:.rdercd with uiller allowed uses within t!H! area and 
WitJllll th~ !:.Uri'Ollnding l.JilJS; 
That tile pntcntr.ll ll;·tH!>its to lle derived from 
J:~>•lfllPrrr.:d d<'Vl'lopment .l!Hl ut1li:":ution in thl' prnpo-.,•d 
;Jro•a ~H! Lll the LlltlTPO.t "t til•• ,·ountv nr L·uuntl,•s 
involVl'd and till: :)t:ltl' ~~~ .1 wllt>le. 
I Lit'. AUG 1 G 1984 l C\utlr: I!HS §..!115-S . .!J <ln1p 
.Jl:S ~205-:'l.~l 
~IJ-I~..J-7 Envirmlnwnt;ll Ll:1n.rct ~tatement nnt J'eouu·o•d. 
At1 •;nvirmtmental 1mrwct o.tJtemerrt .ts dell ned \Hl>IL'I' <'ll,!Dter J..JJ. 
l!;twnii lteviSl'U ~t11tutes, ,;h.dl not J,,, re<')ulred in ;1ss.•s~ing- dll\ 
Jce:J proposed tor Lle"JgnntJon <IS .1 gcother-nul r-esour('e subzon'-'. 
[Lil. 11UG I G 1984 ] (ll.uth: lli\S L~ll5-3.~) tlmp: HRS 
~..!05-5.:!) 
s l:J-UH-8 ~otice anJ puiJlll.' lie:Jnni~S. \\'hen the bo:u·d or 
a landowner proposes Jn :11·eu -.. 11· tleSh.;natJOn as a geotherMal 
rc-,ource subzone, the bo,u·d '>li:lll hold a public heilnng in 
l~e:.,un;lb.ly close proximity to t!1e proposed :rrca and publish a 
nut1ce ot the pubhc hearmg o.ettlllt{ torti1: 
(I) A description of the p1·opo-.t~d .!reel; 
(:2) An invitation for public ~·om~t'nt; und 
(3) The tlute, time, und pl~\CC ot the pulllLl' hL'adng Nhere 
wntten or oral testimony m:1y be submitted or heard. 
~uch notice shall be publislled on three separate da\'S in :1 
nctvspnper of general cJrcuL!twn st~JtewHJe ,J!ld in tlw ·countv lfl 
which the public heanng IS to lH:> la~ld. fhe (ir-.t publicat-J<m 
shall lle not less thun twenty not· n:ure tll<lll thrrtv d:JYS llelut·._, 
the date set for the hearing. Cupll~s "I thl' notice ,;h:ll\ tw 
nwiletl to the "tutu rh'pHnment ot pl:ltlllUlt:;: and •'conorme 
do.:vclupmcnt .und the plunnm1-1 ClllllllllS»HJJI lHI<l pLllll1lll~ 
•lt•partment ut tile county Ill wtuch the lll'oposetl .1rl':1 is J<)C.lt~'d. 
IJj 
I 
"' 
H3-184-8 
Publication of the notice of public hearing shall be considered 
sufficient notice to all landowners and persons who might be 
offected by the proposed designation. 
The public he1uing shall be held before the board and the 
conduct of the public hearing shall not be delegated to any 
agent or representative of the board. Ail persons and agencies 
shall be afforded the opportunity to submit data, views, and 
arguments whether orally or in writing. The department of 
planning and economic development and the affected county 
planning department shall be permitted to appear at the public 
hearing and make recommendations concerning the proposal to 
designate an area. ( Eff. AUG 1 e 19B4 l (Auth: HHS 
1205-5.2) (Imp: IIRS 1205-5.2) 
113-184-9 Decision of the boArd. At the close o( the 
public hearing, the board .stHIII constder all the testimony and 
after deliberation make a decision to designate any portion, all 
or none of the proposed area or announce the date on which it 
will render ItS decision. The boara may <.lesiRT1ate a proposed 
area as a geothermal resource subzone only if it finds the 
proposed area possesses an acceptabl<.! balance of the critena set 
iorth in section 13-184-6. If the bonrd designates an area as a 
geothermal resource subzone it shall cause a notice of its 
decision to be published in a newspaper of general circulation 
state11ide and in a ne1vspaper ot E:eneral cil"culation in the county 
in I'O'hich the area is Joc:1tcd and when so published its decision 
shall be finn.J unless otherwise ruled invalid by a court of 
appropriate jurisaiction. Upon request, the board shall issue a 
concise statement of its findmgs and the principal rcusons fur its 
decbion to designate a particular area. {Eff. AUG 16 OS4 J 
tAuth: HRS §205-5.2) (Imp: HHS §205-:>.2) 
113-184-10 r-.lodific:Jtion and 1·1ithdrawnl of extstmg 
subzones. ModificatiOn ol the boundanes or the Withdrawal of 
an ex1stmg designated geothermal resource subzone by the board 
may be lnJtiated Ly the boord or by application of the 
appropriate County, landowner or person having a geothermal 
min1ng interest in the land. The procedure for modifying the 
boundurics or withdrawRI of an existing designated ~eothermul 
resource subzone shall be conducted pursuant to the provisions 
of chapter 91, HHS; provided, however, that within an existing 
subzone with active geothermal exploration, development, 
production or use, the area may not be modified or withdrawn. 
An envtronmental lmpoet statement as defined under ch:~pt1•r 343, 
un:;, shall not be rcquir~U in assessing any mudilieation of the 
boundaries ur withdra1~nl or subzones, 
(Eff. ;..,..;:. l C 1304 ) (Auth: IIHS 1205-5.2) (lf'lp: HRS 
5205-5.2} 
184-6 
~lJ-lfl~-IJ 
Suhcllilpter J 
Ht'~lll<lllon ol Ce<ltllerl~l.ll llt>SOll!'<'<.' Subznne~ 
§IJ-JH~-ll .-\dnunht!'.ttion nf suhznnt''i. Co•ott'lei'I':Hll 
unv ut lite ilH!i' 
rur:1!, <mLl ut·b:ln 
1·esouJ·ce :-;uhzones -;-r,-;-~~~:n;tte~il!V\Tl-;-:---t;,-,~~ 11 
Ltnd uo.c dbt1·kts; con'>t\I'Vatwn. agricultural, 
:,ltd[[ be admu1i~tered <ts loll.nvs: 
(I) 
(:.:!) 
T!tt.' lHJal'tl ::.lt,dl rer-rulnte the uo.c ol lun<.ls de-;ig-n:IIL'll 
<l'> hootltermul re,.,ourcc ~u\J.:ont''> (or ~··•J!ht•nn:tl 
l'l''>UUl'l:e ilC\lV!IlCS !Ita[ ile \·:ttltlll COilS<'r\'itllOll dt~tncts 
1n .tccordance witll ch<lptt.>r 21l5, Jluwan Hevis,•d 
SLttUtl';. and dt:!plo•r 13-2, .-\dnnmslt'.tl!V•~ Huh•-; •H tltt> 
ol•·p;n'lm••nt <!I lund .tnJ Jl.t\ur:tl n'">oHJrces. 
l'lle .tppropn;Hc county «Uthonrv -,twll l'P~ulatc t!H~ 
II',!~ tJ{ fj<.'tHlit'!'ll'lill l'I''>Oil!'C(.' O>UblOlH'S tlld( Jj~ (VJtl\11\ 
lll'han, llt\Tlt:t!ltut·al. or rurn! dJ::,tncts. 
:uL ~UG 16 1:iS4 I t.\uth; liltS >205-5.2) 
{in;p: 11\l::l >21.15-:l.:.!l 
j 13-18•J-12 Coii!CS!Cd C;ISC IJeill'tlll~~. ,\ COIHL''>Ie\.J C.h(~ 
h<Oul'ln'j.;, ;,!tall, upon request, IJC ~"ndtH~lt~d h\' tit,; tJ.,:trd or ::1c 
:t[ljll'O!ll'late county '-'J..('t'ncy [Hlt·su:mt to cltaptt~i' !II of tl\e iLtl·:.!lt 
J..,vt':t:d SLttutes. [ElL A'J~ t 6 19S4 J 
t.>ut!t: 112S J205-5.:.:) {\l:tp; lli\S §~115-:i.::J 
>t:l-Jfl~-13 J:ft'et'!ive date :ltld .lppll\'<llllll!r· i'l11~ chapter 
o,JJal\ not apply to any a.:uve explor:ttton, develupment ur 
ptoduetton nf electric;d enerb)' !rom g·cnthermnl ,;ourccs tah.ing-
:•lace "n .June l~. 1983, the effer-t1ve datf' 1Jt' Act ~90. SLIJ JoH;3; 
provtded lurthcr that any expansiOn of activi!lcs t-oha\J be catTied 
uut in compliance with the provbtons of tilts chapter. Aetive 
t'c:ploratton. !kVelopment or pro•IUt'llOn of el<:>etne:ll eneq.;y t1·om 
geotlto•t·r:ntl sources on the pjk('!IVI' d:1!0 of Act ~~)(;, SL[l 1~1:-;J 
iJICiil<h!:, !lttlO><.' .tetiv1t!L's l't'!uting- tn <'Xplurallull, dt'VI'hlptnt•nt •'I' 
(ll'oductlOil ot dectrlcal ener1~~· !rum ~·t·utll!'!'!'llll o.;uur,.,. ... pcrl:lltkd 
.tnd ;tpprnV!'ol on or betnre June 1-l, 1'1~:1. JEll. ~U'" 16 p 1 L\uth; liHS §~[}5-5.::!) {illlp: IIHS ~~05-5.~) " •34 
The amendr .• ent to Title l:J, AUmmistrativr; lluks, •m tlw ~)<trtrnarv l':tg-~~ 
,;,>tert July 13, l~b-i, lo.ts ,uJortcd on July lJ, l~HH, to!lohtnf-i putJ/t,· 
t.e;trlllgs held un U,.Jlu, !lilo, :.luui, and 1\auai on \l;ty ~!. l'.J~.J .. 111ur pitl!lic 
l,,,ttce 1·;;,-, h'l'/<:JI tn til<= Jlonnlulu ~tar flull•·ttn un Aprtl ~li, l~b-1, ll,d/,>ti 
r:·;J,IJIH: IH!!'i!hl '•II ~.rnl ~G. 1\Jb.J; :.taut :\t:\'IS on :\pnl ~o. 10~-l; odl•l Tlw 
Cj,IJ'(:en !~land qn Apnl _J, I ~lH. 
Tlio.:se rules st-.;dl t<tl:c el!ect ten drtys after filing with the OfficP nl 
tt;e Lwutenant ti<JVernor. 
~-~ 
Lliill!'!'CI''><•Jl 
!.. ~laturnl J:,.,.,,,,,J..-<"; 
~ ,_-(T ~l ,_ ..-- /', ~~~'c~~=-------c--"-'-----------~ :krntwr -/ -
'l~n<H'<1 ,,f Land 1.. 1\;•IUJ :t! 
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BE IT L'I..\.CTED BY THE LEGISUTIJRE OF THE STATE OF HAWAII: 
lessees hcldL~g qeo~~e~l mi~i~q leases ~ssued by the state 
or c;eot.!:.e=:::~.a.l c!eve!c?ers holc!.!.nq e:<'plora.tor-J a.r.d/c: 
c!evelc!=r::en:. pe=::l.its ~=::c eit~e= t.!:.e state cr c:::::ur.::.y 
;eot.~e~al rescu:ce s~zcr.es neec! to Ce c~a=i!ieC also. ~~e 
cla:i!icat.!.cn. 
SZC'!'!C!l 2. Sect!cn 205-5.1, Sa.wa.!.i Revised Stat~tes, 
is ~e~c!eC to reaC as !ollcws: 
i 
I 
Pogo __ ._2 ___ _ S.H.1~U. 
f:~r (t:.!:e explc=aticn, C.e•telo~r::ent, p:oC:.lct.!.cn, a.r.C. 
S.D. 1 
f:L D. 1 
c.w. 1 
dist:~uticn o: electrical ene=;y !:em geo~~e==al scur:es,l 
eeot!:e.:7.1.al C.evelcc:r.ent act.!.·ri":ies L"'l aCC.it..!cn to t!':cse us~s 
pe~tted in eac~ land~ district ~~de~ ~~!s chapter. 
Geothe:-::".al c!evelcotr.er.t. ac":.!.vities mav be ce~itted '"'it!':.in 
dist=!c~s in accor~a~ce wit~ t~is chaote~. "Goi!:ot!':.e::::~al 
Ceveloement activities" means the ex!)loraticn, Cevelct:::":".e~t 
resources. 
(b) The board ot land ~ld natu=al resources shall have 
the responsibility tor designating areas as ~eot!:e~l 
resource sub:ones as provided unc!er section 20S-5.2(.JL 
exceot that the tctal area withi~ an aaricultur~l distr~c~ 
wh..!.ch is the subject of a ceot~e=:=~al mini.:'!.c lease acer:::•.·ed 
bv 'the board ot: land ar.d nat'J.ral resources. anv oart or all 
of which area is the subject o! a seecial use ~e~it issued 
bv the countv !or aeothe~al develoc~ent activities, on o~ 
before t.."!e e~!ec":.!.•te date of t~.is Act is he:-ebv desi~a'teC 
as a eeothe~al resource sub:one !or the duration o! t~e 
lease. The Cesiqnat.icn ot ~eo~~e~al resource s~:ones 
shall be c;overneC exclusi•rely by this sec-;ion ar.d 
SI'IA 
S7425 
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I 
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p,,. __ 3:_ __ _ 
S, D, l 
E. D, l 
c.w. 1 
o! ttis c~apte: ~~c o! sec~ion 46-4 au~~o:izi~~ ~~e land use 
ccc:iss:cn ~~c ~~e counties t~ establish ar.d ~cdi!y la~d use 
t~is sec~icr. shall not ab:oea~e no: su:e=sede t~e crovisicns 
(c) 'l'!'le use c:"! a.n a:ea .fo: [tt.e ex::.lo:at~cn,J 
ceot::e~al. c!e•Jelcpr.:e::.~ (, proCucticn and/or Cist:.!.!:lu~icn o! 
elec":.:ical ener~.t !::::c geot..~e=:nal sou:ces] act.i.·rities wit~i::. 
a ~eot~e==al resource sub:cne shall be gcver~ed ~y t~e boa=~ 
orCi=a_"!c~s, a::C :-ules net !.:u:cnsi.ster:.t t-.e:-e•N"it.': •Jit.'l.!...."'l (t::e] 
agricult~ral, r~al, and u::an Cist:icts, e~ce~t t::at no 
la.r:d :;se cc~ssion a_s=~=cval or scecial use ce- ... i':. 
::o::c!!.C':.r.e;s ~-.de:- sec":.ic~ 20 5-6 s~all be requi:ed !or the us.e 
o! ~ s~zor.es. 
a;e~cy shall, ~~en re~est, ccnduc~ a ccnte!~eC case hea:~~; 
97425 
O:..I.O"t-Q-1 
S.D. l 
E.O. l 
c. n. 1 
:esou.=ce s=:e=::~.it re:l.a t.i..:1g to t.'1e exp lor~<:i.on, C.evelc::r:.er:.-::, 
p=oCuc~i.cn, and dis~:~u':i.on o! elec~~c~l e~e~~! !:=o 
I 
geoth_er::1al resou=c::es. '!'he stanC.a=d !or C.~ter::ti.r.ing :;.'":.e 
weight o~ the evidence in a contested case Frcceed~g s~all 
be by a preponderance o! evidence.] !~ t~e absence c! 
c::::-ovisicns in the cour.t~.r ceneral cLan ar.d zcninc or::!i:-:.2r.ces 
sceci!icallv relatina to t~e use a~d lcc~~ion o: ceot~e~al 
develc~ment acti~ities L~ an acric~ltu::::-al, rural. cr u:=an 
dist:ict, the ac-oro-oriate countv aut!"!.ori~v mav issue a 
oeot!"!.e~al resource =e~it to allow ceot!"!.e~al C.ev•lcc~ent 
ac-civities. •Accroo.ciate cour.tv aut!".cri':.•.r" means t~e ccunt·.r 
plan.~ir:.a com:nission unless scrr.e otb.er acencv or bcd•.r is 
desic-nated bv ordi.:1ance o! the ccu:1t.•.r cour.cil. Sue!":. uses as 
are ce~itted bv countv aener3l clan and zonino ord~:-:. 3 ~Ces. 
bv t!":.e aocrocriat:e cou:1tv aut!loritv, shall te deemed to t:e 
reascn~le and to -ororr.ote t!"le eff2ctive:1ess ar..c! obiec-ti.·.·~s 
of this c!"la-oter. C~apters 177, 178, ~ 183, 205.\, 2:6, 
~ and 343 shall apply as appropriate. I! -o-:ovisions i~ 
the coun t•; cene-ra 1 c la:t ar.d zen inc o:::-Ci::.ance s s::ec if ic.3llv 
relate to the use and location of ceot.~e- ... al Ceveloc::":l.e~.-:. 
act..!.vities in an aaricultural, r\!=31. or u==an Cist:ict., 
the crovisions s':l.all recui=e tr.e aco-:cori~':.e ccunt•.r 
s·n 
B1426 
C"l 
I 
c.n 
?c;<_.;._ __ 
c!esc::-:.:::e-=. 
lel 
~.iJ. s.:. I'IU :I . -:.: . 
-- -- ....... 3-~- ~-- ----
o:.':'.e cec-:.:-.e:-::-.a:. 
c:::'.lr:.tv aut!"'.cr:..t•t ~hall c~a:-.":. a ceot~e:-::'.al 
S.D. 
H.O. 
c.~. 
resource oe~it i! it fi~Cs that an~lic~~t ~as c!e~cr.strate~ 
I 
bv a nreecr:.derance o! t~e evidence t~at: 
(1) The de3i::ed uses would net have U!'l:-eascnable 
adverse health, environmental. or socio-eccno~ic 
effo:ects on resiC.ents or sur::-our,C.i:J.a orc::e!'"':'J: a::.C. 
(2) The desi.red uses would not U:".reascnablv burden 
public acencies to orcvide reads a~d streets, 
sewers, water, drainace, sc~col i~orcve~e~ts, a::.d 
eolice and fire· o:-ctection: a::.d 
(3) That there are reasonable measures ava:.la~le to 
miticate the ur.:-~ascnable ac!•.rerse e!!"eces or 
burdens re:erred to above. 
Unless t~ere is a :nut'..lal ac:-ee!!:ent to ex~e!'lc!, a 
l 
l 
l 
decision shall be mad!! on t!-.e ~cclic:ation bv t!-.e aoo:-cc:-'!..at=: 
count"' autho!:'itv wit~i.n six :nont~s of the Cate a ccr::clete 
acolication was !iled; ~=ovic!eC that i! a contested c~se 
hea:-inc is held, t~e fL~al ce~it decision shall be made 
within ni~e r::or.~hs o~ the date a comclete acolicaticn was 
filed." 
SEC':'ICN 3. ~ot·Jithstar:.dinq the ~revisions ot 
section 205-5.2, Hawaii Revised Statutes, :e~a:-:ing 
SMA 
97426 
0 
I 
"' 
?·~·------
Cece~~e= 3!, !984. 
S!-!.A 
:!7420:. 
5!:::-::::t 5. 
s~:':':C!l 5. 
-"",---..,.-~ 
::-- -··--· .. --
:: . :: . 
APPENDIX D - GEOTHERMAL RESOURCE TECHNICAL CmlMITTEE 
D-1 
The Geothermal Resource Technical Committee 
MANABU TAGOMORI, P.E. (Chairman) 
Engineer 
Dept. of Land & Natural Resources 
State of Hawaii 
BILL CHEN, Ph. D. 
Engineer 
Dept. of Computer Sciences 
University of Hawaii - Hila 
DALLAS JACKSON 
Geophysicist 
Hawaiian Volcano Observatory 
U.S. Geological Survey 
JMIES KAUAHIKAUA, Ph. D. 
Geophysicist 
U.S. Geological Survey 
Honolulu, Hawaii 
DONALD THOMAS, Ph. D.(Tech. Leader) 
Geochemist 
Hawaii Institute of Geophysics 
University of Hawaii - Manoa 
DANIEL LUM 
Geologist 
Dept. of Land & Natural Resources 
State of Hawaii 
RICHARD MOORE, Ph. D. 
Geologist 
Hawaiian Volcano Observatory 
U.S. Geological Survey 
JOHN SINTON, Ph. D. 
Geologist 
Hawaii Institute of Geophysics 
University of Hawaii - Manoa 
* * * * * * * * * * 
Staff 
Division of Water and Land Development 
DEAN NAKANO, Geologist 
JOSEPH KUBACKI, Energy Specialist 
D-3 
APPENDIX E - REFERENCES 
E-1 
REFERENCES 
State of Hawaii, Department of Land and Natural Resources, September 
1983, Plan of Study nating Geothermal Resource 
Sub zones, 1rcular 
, January 1984, Assessment of Available Information 
----..Rel"a7tlr:·n:cg::-:to Geothermal Resources in Hawaii, Circular C 98. 
, March 1984, Public Participation and Information 
----..Pro·=r=-=a:-:m=-:for Desi nation Geothermal Resource Sub zones, Circular 
c 
----,.,' , March 1984, Geothermal Resource Developments, 
Circular C-100. 
, June 1981, Rules on Leasing and Drillin of Geothermal 
Res_o_u_,..r_,..c,_e,..s, Chapter 18 1t e mm1strat1ve u es. 
-
--,..· , July 1984, Statewide Geothermal Resource Assessment, 
Circular C-103. 
___ , July 1984, Social Impact Analysis, Circular C-104. 
July 1984, Economic Impact Analysis, Circular C-105. 
, August 1984, Environmental Impact Analysis, Circular 
c 1'"06".-
, July 1984, Geologic Hazards Impact Analysis of 
--....,Pot~en::ct.,-I"'"'al.-Geothermal Resource Areas, Circular C 107. 
, August 1984, Geothermal Technology, Circular C-108. 
---
E-3 
